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This book features four augmented reality models, viewable with the “Resurrecting the Shark” app, available on Google Play and iTunes. To use the app, open it on your phone or tablet and wait for the camera to activate (menu is not active until the camera is on). Point the camera at one of the target art pieces at the end of the color insert in the middle of the book, and the model will pop up on your device. As long as you keep the art in the camera frame, you can move closer to zoom in, or rotate the camera around the art to see the model from different angles. You can also view the models without the book, through the app menu. (Model and app development led by Jesse Pruitt of the Idaho Virtualization Lab and Informatics Research Institute.)


___________
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INTRODUCTION


WHEN I DROVE DOWN TO POCATELLO IN JUNE 2013 TO ATTEND THE OPENING OF “THE WHORL Tooth Sharks of Idaho” exhibit at the Idaho Museum of Natural History, I expected to see illustrations and fossils of the bizarre extinct shark Helicoprion. I never suspected the beast would seize my imagination and shake until my brain rattled.


Truth be told, I didn’t go to Pocatello for the shark. I went because I hadn’t seen my artist friend Ray Troll in a long time and he was throwing one of his famous after-parties to celebrate the exhibit, which featured his artwork. There in the exhibit hall, surrounded by astonishing fossils, life-size Helicoprion models, and Troll’s beguiling art, I started asking questions. As Ray had obsessed for more than twenty years about what the shark looked like, I began to obsess on the story—all those chance discoveries, unexpected connections, absorbing sidelights, and compelling science factoids. Walking through the exhibit I met Jesse Pruitt, a tattooed combat veteran and undergraduate student, and his adviser-turned-colleague, then–research curator Leif Tapanila. I was taken by their backstories, as well as those of the other “Team Helico” members who had just published their breakthrough findings on Helicoprion. The more I looked, the more I began to see the Chinese knot of lives (animal and human, past and present), feel the undertow of deep time, and more fully appreciate the way the earth is in a constant state of change, with species rising, thriving, and disappearing.


I also happened to have a personal history with ratfish, the sole surviving representatives of the once very large and extremely diverse group of chondrichthyans (sharks and their kin) that included the dead-end branch that held Helicoprion. In the early 1980s, I co-owned and operated a small wooden fishing boat named The Salty, and my fishing partner and I hand trolled for salmon and longlined for halibut and black cod among the whales and eagles and rocky islands of Southeast Alaska. I vividly remember the first time a two-foot-long ratfish loomed up from the murky depths as I hauled in the longline. Its head broke the surface like some spectral alien being with big glassy eyes, a mutant-rabbit face, a nasty fin spine, and thin, spotted skin. I was enthralled. That ratfish laid the universe of underwater weirdness at my rubber-booted feet right there on The Salty’s rolling deck, and I’ve had a soft spot for strange sea creatures ever since. Now here was Helicoprion, bringing a fresh world of oceanic oddity to my attention in the landlocked museum.


We humans trace our evolutionary roots to fish. Specifically lobe-finned fish, a subset of bony fish. Sharks? No direct relation, other than the big-tent vertebrate connection. Chondrichthyans, set apart by their cartilaginous skeletons, are the bona fide Other. Not just evolutionarily. Sharks show no emotion we can read, no facial expressions we can interpret. They don’t appear to play. They possess excellent hearing and sensory detection, yet have no organs for, or apparent interest in, making sounds. Much about shark behavior, physiology, and evolution remains unknown. Sharks are the strangers we can’t pin down, and the puzzle we won’t let go. Prehistoric sharks? Even more tantalizing. Mulling it over on the drive home to Montana, the Helicoprion story felt like a tale worth tracking down and telling. I quickly learned that while biological riddles supplied plenty of intrigue for the natural history account, the larger whorl-toothed shark saga was further propelled by the ever-shifting nature of science and scientific inquiry. When the tale opened in the 1880s, paleontology had just gained its foothold as a dedicated science. Today, the study of ancient life has morphed into a dynamic frontier of accessible data, ever-more-powerful technological tools, highly informed enthusiasts, chatty paleo blogs, and the blurring of once-rigid lines between science and artistic expression. Credentialed scientists rightly drive the work, but contributions come from many fronts, in many forms, with curiosity and resolve as the only nonnegotiable prerequisites.


I’m not a scientist, but it seemed like being an outsider in a story full of outsiders was as good a qualification as any. So, tying myself into that crazy knot of chance and circumstance, I began to chronicle the nineteenth-century discovery, twentieth-century confusion—and creative twenty-first-century paleontology that brought Helicoprion to life as never before, brilliantly executed by a quirky band of boundary-bending collaborators that looked more like a roots-rock band than ivory tower intelligentsia. At its heart, this is a story of questions and discovery, science and art, and the triumph of curiosity, passion, resourcefulness, and moxie over all else. But of course the soul of the tale is Helicoprion itself, the top marine predator of its time, who lived two hundred million years before T. rex stomped onto the scene. If dinosaurs have ever captured your imagination, prepare to fall prey to the buzz saw shark….
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LASTING IMPRESSIONS


Whilst this planet has gone cycling on according to the fixed law of gravity, from so simple a beginning endless forms most beautiful and most wonderful have been, and are being, evolved.


—Charles Darwin, On the Origin of Species, 1859


SCIENTISTS ESTIMATE THAT 99.9 PERCENT OF ALL SPECIES EVER TO SLINK, SWIM, FLY, fight, wail, or warble on this earth are now extinct. It’s hard enough to pin down the number of species living today (one recent study pegged the wildly varying number at 8.7 million), but the number of extinct species is thought to be somewhere between five and fifty billion. Billion. Species. Extinct. Some of those billions made their exit in one of the five calamitous mass extinctions our planet has experienced to date. Others quietly faded away, outcompeted or unable to adapt to earth’s shifting terms and conditions, long before humans arrived to give them an extra push toward the cliff. Of those estimated extinguished billions, a random few percent are chronicled in the fossil record. This is the story of one of those few—the one-in-a-billion buzz saw shark, Helicoprion, a species that survived over a span of some ten million years, between about 270 and 280 million years ago, long before the dinosaurs.


The world’s first Helicoprion fossil was a curved fragment of fourteen teeth found in Western Australia in the latter part of the nineteenth century. We only know the bare-bones outline of that discovery, as none of the fleshy particulars were preserved, in either the fossil or human narrative. And there you have the maddening norm in paleontology. So much is missing. Evidence may be the scientific engine of paleontology, but we would be hard-pressed to get out of the driveway without artful reconstruction, whether the subject at hand is a scavenger-strewn fossil fish, an ancient ecosystem, an operatic museum diorama, or a set of historic circumstances.


We know the last name of the first person to stumble upon that prefatory Helicoprion fossil: Davis. It was definitely Mr. Davis. But his first name is lost to history, and we are left to imagine the details leading to that happenstance moment when the first human hand touched the first whorl-toothed shark, raised up from a lost world. It might well have gone like this….


___________


An old prospector too bent for the outback himself told Mr. Davis to look for Swan River blackbutt trees. Old-timers believed the trees, a species of tall eucalyptus with creamy white flowers, signaled the presence of gold. In his weeks of looking, Mr. Davis had found an assortment of tough-barked gums, a bit of beryl, and some quartz. That was it. Still, somehow, he felt lucky as he kicked out his breakfast fire, saddled his horse, and loaded his pack mule as dawn rose over an austere landscape the color of terra-cotta. He could get in a few good hours of scouting before the heat drove shimmering waves into the bone-dry air.


On this particular day in the early 1880s, Mr. Davis was poking up the valley of the Arthur River, a tributary of the Gascoyne River. The Gascoyne was what locals called an “upside-down” river, in that it only ran aboveground for about four months of the year and maintained a sort of hibernation flow below the dried-up riverbed the rest of the time. As Mr. Davis was about to discover, water and gold were not the only treasures the taciturn country held dear in its rocks.


The morning had been disappointing. Mr. Davis was riding slowly over the hard ground, his mind wandering perhaps to a good meal back at the pub, and perhaps some female companionship, when something caught his eye and knocked for attention: an anomalous shape, an orderly pattern, a play of light across an incised form. Squinting, he dismounted and bent to examine a split nodule of sedimentary rock that looked to him like clay ironstone. Furrowed into the exposed surface of the nodule was a gracefully curved fossil impression—fourteen serrated points fanned into an arc about the size of a woman’s hand.


As a gold prospector, and therefore at the very least an amateur geologist, Mr. Davis would have known he was looking at a fossil. In the crowning years of the late nineteenth century, fossils had established themselves in the public imagination in a big way. The first life-size models of extinct animals, including dinosaurs, had been installed in 1854 with great fanfare in an exhibit at London’s Crystal Palace Park. English sculptor Benjamin Waterhouse Hawkins built the models under the scientific direction of Sir Richard Owen. It was Owen who had coined the term dinosauria, terrible lizard, a dozen years earlier. He was a controversial figure who resembled Dickens’s Scrooge in appearance and temperament, but Owen was among the leading paleontologists of the day, considered to be a brilliant naturalist and anatomist. Before the Crystal Palace Dinosaur Court exhibit opened, a posh New Year’s Eve dinner party (gentlemen only) was held inside the mold for the Iguanodon. The eight-course meal included mock turtle soup, raised pigeon pie, and French plums. A story in the Illustrated London News, complete with an engraved picture of the event, reported the party as boisterous. The masses responded by flocking to the exhibit and snapping up the world’s first dinosaur souvenir sets.


Steamrolling scientific progress over the next four decades would reveal how inaccurate Owen’s models were and spur American paleontologist Othniel Charles Marsh to angrily deride the Crystal Palace models and scorn anyone associated with the exhibit. Of course by then, the 1890s, Marsh had plenty to be angry about. He had been ruined financially and socially, along with his bitter rival paleontologist Edward Drinker Cope, by their very public and wantonly antagonistic “Bone Wars,” waged from about 1877 to 1892. As destructive, underhanded, and just plain nasty as the competitive fossil hunting and scientific feuding was, the so-called Great Dinosaur Rush that Marsh and Cope unleashed was a shot of steroids to the young science of paleontology. Before the Bone Wars, the world had a meager nine named species of dinosaurs. After the American West had been scoured by hired fossil mercenaries and the dust had settled, there were thirty-two species. Or rather, thirty-two species were eventually proven valid from the 140 species Marsh and Cope originally claimed between them from their embarrassment of specimen riches. They (mostly Marsh) named some of our most familiar and beloved dinos, like Triceratops, Stegosaurus, and Allosaurus—as well as Brontosaurus, which was one of the species that washed out. In 1903, paleontologist Elmer Riggs determined that Marsh’s Brontosaurus was really Marsh’s Apatosaurus, although the highly appealing Thunder Lizard persisted in dinosaur iconography for decades. But wait! In 2015, scientists released a three-hundred-page study suggesting that there really is a Brontosaurus, distinct from the Apatosaurus. That’s paleontology for you. Don’t write anything down in ink, or at least keep a store of asterisks handy. Remember that, especially in the context of ancient sharks.


But back to Mr. Davis, who probably knew about fossils and could have even seen some in his own enterprises. He might have deciphered the distinctive serrated points in the rock as shark teeth, despite the fact that the nearest tidewater was 130 miles west from where he crouched. The Gascoyne River, the longest river in Western Australia, emptied into the aptly named Shark Bay, with its mother lode of sharks and rays, along with its whales, dolphins, dugongs, turtles, and odd underwater stumps (which in 1956 would astonishingly be identified as living stromatolites, 3.5-billion-year-old life-forms to which we largely owe our oxygen atmosphere). Whatever Mr. Davis knew, or thought he knew, about the sun-warmed rock he held in his hands, he almost certainly didn’t know that his fossil teeth came from a time long before dinosaurs, and were some 120 million years older than Marsh’s Apatosaurus.


Mr. Davis’s fossil-bearing nodule had heft, and the mule already carried a load, but the specimen was entrancing and possibly worth something. Maybe the mule reached his head past Mr. Davis’s ear to snuffle the rock, sealing the decision to take it.


He didn’t know it then, and perhaps he never did, but Mr. Davis had struck paleontological gold. Tucked in with the rest of his swag as he made his way back toward the coast was the first Helicoprion fossil ever collected—the initial unearthing of a prehistoric whorl-toothed shark that would vex paleontologists for more than a hundred years.


___________


In the winter of 1993, residents of Los Angeles County were talking about building arks. The year had opened with a deluge that dumped nearly twelve inches of rain in less than a week. But the heavens were at rest and it was a pleasant if cloudy January day when Alaskan artist Ray Troll and his writer friend Brad Matsen pushed through the heavy glass doors of the Natural History Museum of Los Angeles County. The building’s façade still bore gunshot holes from the previous spring’s riots that followed the Rodney King verdict, but down in the subterranean collections, the museum was an ocean of calm under flickering fluorescent lights.


Troll and Matsen were collaborating on a book about ancient oceans and had come to see fossil fish expert J. D. Stewart. Stewart hailed from Kansas, and Troll had gone to junior high, high school, and college in Wichita, which was connection enough for Troll to cold-call him and wangle an invitation to come nose around the museum’s collections. This proclivity for picking up the phone and calling scientists out of the blue was about to send Troll down a path deep into an atlas obscura of real sea monsters.


Troll’s current path, walking down the stairs to the collections with Matsen and Stewart, had already meandered through its share of foggy valleys, surprise turns, and sidetracks. In 1977, after getting his bachelor of fine arts in printmaking from Bethany College in Lindsborg, Kansas, Troll beat it out of the heartland to Seattle, where he grazed his way through a few government-funded art jobs, waited tables, worked at an IRS call center, and put his college degree to work as a silk screen tech, pulling thousands of T-shirts with messages like KISW ROCK! After a few years of that, he started graduate school at Washington State University, set in the Palouse wheat country with its undulating dunes of ancient soil and amber waves of grain.


In 1981, Troll dragged his newly minted master of fine arts degree to a gig teaching art workshops at a remote Coast Guard LORAN radar station on the Bering Sea north of Nome, Alaska. His brother and two sisters were living in Alaska by then, so it was a great way to see the place for himself. His sister didn’t have to ask him twice to come to Ketchikan, in Southeast Alaska, and work in her seafood shop.


In the 1980s, Ketchikan was a small logging and fishing town with fewer than nine thousand residents and an average rainfall of 153 inches per year. Moss grew on the rooftops, and down at the commercial harbor, working boats creaked and jingled in the wakes of other working boats coming and going, in a lifeblood scent of diesel fuel, fish, and salt water. When Troll showed up, his sister put him to work peddling the catch of the day from a kiosk on the docks, which allowed him to exercise his natural talent for schmoozing and fed his affection for fish. Fish first caught Troll’s attention as a child watching bluegills circle in a bucket in upstate New York, where he was born. Fish were his connecting narrative thread through a series of Air Force postings, until his father left the service and resettled the family in Kansas. In a transcendental moment as a moody, preteen military dependent in Puerto Rico, young Troll was sitting alone on a rock, staring out at the Caribbean, when a giant stingray surfaced and skimmed past. He took it as a sign, a sure messenger from the underwater world that he belonged with them, the fish tribe.


As the mustachioed hippie with the soulful eyes slung seafood on the Ketchikan docks, he befriended chapped-face commercial fishermen and rubber-booted fisheries biologists who told him stories, took him out on their boats, and showed him fish. Whenever he came upon a new species, he wanted to know more about it, like the first really big fish he caught, a giant red snapper. Only it wasn’t a snapper, he learned, but a yelloweye rockfish (Sebastes ruberrimus), which he further learned has one of the longest life spans of any fish on the planet. His dead ruberrimus could have been a hundred years old, and was probably a female. The experience of catching that big, beautiful fish, then discovering the details of its life, sent him over the waterfall in a barrel of pride and shame. His artistic subject matter shifted from nudes, apocalyptic cityscapes, frogs in jars, and a few scattered fish, to fish. Fish, fish, fish.


Brushing off his printmaking skills, he and a friend silk-screened two hundred T-shirts with the cheeky message LET’S SPAWN to hawk at a summer seafood festival, and sold out in two days. That fall he met another artist, Michelle, who gave him a new focus, along with, in due time, a daughter and a son. Artist dads have to make a living, and since the T-shirts had proven to be such a hit, he designed some more, and he and Michelle, as full partners, dove into retailing, then wholesaling. In 1987, he created the image that would raise him to cult status in Alaska and beyond: a human skull over a crossbones of salmon, with little naked men and women forming the side borders, and the slogan SPAWN TIL YOU DIE. In 1992, the Trolls opened the Soho Coho Gallery (“Better Living Through Difficult Art”) in a historic brothel perched over a salmon-spawning stream on Ketchikan’s Creek Street. He released a riptide of new T-shirt and poster designs, most with a punny fish theme.


Salted here and there among the fish were dinosaur images. Before Alaska, before fish—before even first grade—there were dinosaurs, at least in Troll’s personal stratigraphy. The first drawing he remembers was of a dinosaur, when he was four years old and living on an Air Force base in Japan. “Dinosaur” was one of the first words he learned to spell, latching on from there to multisyllabic magic words like “Triceratops” and “Stegosaurus.” From Japan, the family transferred to Olmsted Air Force Base in Middletown, Pennsylvania. In his elementary classroom at the Seven Sorrows of the Blessed Virgin Mary, little Ray raised his hand when Sister Mary James was teaching about Noah and the Flood. “What about the dinosaurs?” he asked. The sister explained that dinosaurs were not part of God’s plan. Oh. “Well, how about the plesiosaurs?” Other boys played baseball, Ray and his only brother, Tim, played museum, encouraged by their history-buff grandfather.


Now here he was, almost forty years later, playing museum with Brad and J. D. at the Natural History Museum of Los Angeles County. The NHM vertebrate paleontology department has more than 150,000 cataloged vertebrate fossil specimens spanning 450 million years of evolution. Which is a rockin’ lot of evolution. In that 450 million years, animals with backbones branched out and diversified with such innovative and consequential developments as jaws, teeth, internal skeletons, limbs, lungs, hips, wings, and, for better and worse, big brains and opposable thumbs. Near the end of the day, after hours of scavenging through drawers and shelves and crates, Stewart was showing Troll and Matsen a Dolichorhynchops, a Cretaceous plesiosaur that lived about seventy-five million years ago. In an afterthought that would wobble the orbit of Troll’s world, Stewart hunkered down and wrestled one last fossil-bearing boulder from the shadows of the bottom shelf. “Check this out,” said one Kansas boy to the other.


At first glance it looked like an ammonite, an extinct subclass of spiral-shelled cephalopod—cephalo meaning “head,” and pod meaning “feet,” a nod to the way their arms are attached directly to their heads. Cephalopods have eight or more arms, and sometimes an additional two or more tentacles for grasping prey. The living classmates of this long-surviving group of intriguing invertebrates includes squid, octopi, and nautiloids. What was it doing in with the vertebrates?


Then Stewart said, “Look closer. Those are teeth, man! It’s a coil of teeth, from a bizarre extinct shark that has blown paleontologists’ minds for a century. You never see it in exhibits because nobody knows how to reconstruct the freaking thing.”


Troll was smitten. Spellbound. Embedded in the chocolate-brown chunk of stone was not only a very unusual fossil but also a set of elements irresistible to a curious fine artist increasingly infatuated with the fantastical side of science. First, there was the spiral, that mystical, foundational pattern repeated across nature, culture, and the cosmos from snails to petroglyphs to galaxies. (This particular fossil had a full spiral, not just a partial arc of teeth like Mr. Davis’s specimen.) And, yikes—look at those teeth! They started small in the center of the spiral and became progressively larger as they wound to the outer perimeter, where they were nearly as long as Troll’s index finger. Finally there was the sheer mystery, the heavy curtain of time that no one had managed to draw back. Where did that buzz saw of teeth fit on the animal? How did it work? What sort of mega predator would have chompers like that?


Stewart was able to tell Troll and Matsen the genus of this whorl-toothed beast: Helicoprion. A smattering of such fossils had been found around the world. He could tell them that Helicoprion hunted the primeval oceans long before dinosaurs walked the earth—something like 270 to 280 million years ago, during the Permian period of the Paleozoic era. That was all Stewart, or anyone else, could say with conviction.


As the fluorescent lights buzzed and flashed, a monster shark materialized in Troll’s imagination like a genie let loose from a bottle. When he and Matsen took their leave, a shadowy presence stalked him up the stairs and out the door.


___________


Fast-forward seventeen years, to 2010. A scientific fuse was about to be lit, a stone rolled back in revelation. As these things are wont to do, it started serendipitously, in the basement of a museum.


Jesse Pruitt was in his third semester at Idaho State University student and working as an intern at the Idaho Museum of Natural History. Not the typical ISU undergrad, Pruitt was twenty-seven years old and a well-inked marine combat veteran. His first tattoos had come even before his enlistment, in big block letters spelling out the words “Hunt” and “Fish” across the backs of his fingers. Pruitt was born and raised in the tiny town of Golden, Mississippi, a boy’s dream of rivers and creeks, lakes and woods, fish and deer and squirrels. He had a wiry red beard and blue eyes, was soft-spoken, quick to smile, and built like the proverbial brick shithouse.


For his internship, Pruitt was cataloging Ice Age mammals under the senior collections manager, Mary Thompson. One of the world’s most fruitful repositories of fossils from the Pleistocene epoch (about 2.6 million to 11,700 or so years ago), was a mere twenty-five miles from campus. The site is second only to the tar pits of California, although excavation is complicated by the fact that it’s mostly covered by a Bureau of Reclamation reservoir. As water levels rise and fall behind American Falls dam, however, it can be a veritable gumball machine of bits and parts of fossil camels, mammoths, bigheaded llamas, dire wolves, saber-toothed cats, giant sloths, long-horned bison, and short-faced bears.


Engineers made a sensible choice locating the dam where they did, at mile 714.7 of the Snake River. The water impoundment potential had been proven more than a million years before, when a lava dam only a few miles down from the present concrete dam formed a broad, shallow lake. Eventually the lava dam broke, draining the lake and leaving a basin filled with about eighty feet of sediment. Although the ancestor lake disappeared, the Snake River lived on, carving its channel through the gently rolling plain that the lake sediments had formed. The river drew animals to its banks to drink, and perchance to die, and more perchance to be fossilized, and way, way perchance to be found by people wearing hats and sunscreen kicking around on the muddy shores of American Falls Reservoir. Along with flooding who knows how many fossils, the concrete dam also drowned Shoshone and Bannock tribal bottom lands, part of the Oregon Trail, and the original townsite of American Falls.


Pruitt himself liked to go out to American Falls to look for stuff. He had always loved to be outdoors exploring, looking for treasures, and thinking about the ways nature worked. He was especially fascinated by dinosaurs as a kid—what they might have looked liked, how they lived and behaved, where they had gone. As he grew up, people told the bright, inquisitive boy that dinosaurs were not a job. You can’t make a living doing that. What are you going to be, Indiana Jones? So in 1999, fresh out of high school, Pruitt joined the marines. He chose avionics as his specialty, which meant a minimum five-year commitment. First stop was boot camp at Parris Island, South Carolina, followed by training at a base in Pensacola, Florida. He was eighteen years old, free of his small hometown and Baptist upbringing. There were girls, the beach life, a few fights. Pruitt washed out of avionics and went into diesel mechanics, learning the systemic intricacies and idiosyncrasies of Humvees and five-ton cargo trucks. Then on September 11, 2001, a jetliner hit the Pentagon, another crashed in a field in Pennsylvania, and two brought down the World Trade Center towers in New York City. Suddenly being in the military meant something very different from what it had the day before. In 2003, Pruitt was assigned to an artillery battery in a combat unit in Iraq, tasked with keeping the diesel trucks rolling, even during engagements. He was resourceful, steady, and absolutely kept the trucks rolling.


Pruitt left the military in 2004 with a fine-tuned skill set and a well-matched wife, Lena, a Montana woman and fellow military veteran. He and Lena landed in Mississippi, but before too long moved to Idaho Falls to escape the heat and bugs and to be closer to Lena’s sister. Pruitt took a mechanic’s job at a car dealership and resumed his aspirations of competing as an amateur strongman, an interest that began with powerlifting in the marines. He amped up his training, practicing Atlas stone lifts, tire flips, the farmer’s walk, and other moves. Then the recession hit. The dealership laid him off, but Pruitt was able to pick up a job at a junkyard. In 2007, two weeks before his first official strongman competition, the van he was working on slipped off its jack and fell on him. The accident shredded his rotator cuff and demolished his strongman aspirations. An end, and a beginning.


After his shoulder injury, dark days of recovery stretched into tedious months of uncertainty. Lena urged him to think about college. He had never been much of a student growing up back in Mississippi, but he was smart and it would be a fresh chance. They could go together; Idaho State was just down the road. He had to do something. His first idea was to study paleontology, but ISU didn’t have an undergraduate paleontology program and the Pruitts didn’t have the resources to move. And besides (the voices crept in once more), you can’t do that for a living. So he chose chemical engineering for the earning potential. But after a while he knew that money wasn’t everything. You love what you love. Idaho State did have an undergraduate anthropology program, and he figured he could study early hominids, a subject he was interested in too. Pruitt went to see the museum’s then director, Skip Loess, about an anthropology internship. After talking with Pruitt awhile, the director had a new message for the boy from Golden: go for it. You’re meant for paleontology. We’ll figure out the classes and cobble up a degree.


Pruitt crafted a double major in geology and biology and started his internship, sorting and cataloging American Falls material. As they worked together, Thompson saw Pruitt’s potential for a career in science, and she mentioned that if he was considering going on to graduate school, it would be good to have done some undergraduate research. He had been mulling over her advice, thinking of what he could do for what he intended as, and assumed would be, a quick little research project, but nothing had leaped out at him. Hunters—whether a deer hunter or fossil hunter—have a sort of a third eye that is always processing signals from the surrounding physical world, regardless of where the hunter’s conscious mind is. One October day in 2010, Pruitt walked back into the museum’s work area to begin his day and noticed a big brown slab of rock on an orange flatbed dolly. He leaned in for a better look, brushing a hand over the cracked and slightly crumbling brown rock. A logarithmic spiral furled from the center of the slab like a giant fiddlehead fern. He saw teeth. Huge, pointed teeth, like Bowie knife blades, lining the curves. The whorl was about the size of a bicycle wheel, some two and a half feet in diameter. The toothy spiral conjured up a memory, matching an image already lodged in Pruitt’s brain. This was that mysterious whorl-toothed shark. He never missed the Discovery Channel’s Shark Week, and he remembered a segment on this freaky, mysterious, perfect predator. Bull’s eye! Pruitt fixed Helicoprion in his sights.
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THE SHARK BITES


Science is an intensely human endeavor.


—Keith Stewart Thomson,


The Common but Less Frequent Loon and Other Essays, 1993


MR. DAVIS, LIKELY WITH HIS SUPPLIES USED UP AND HIS BOOTS IN NEED OF RESTITCHING after all that prospecting, humped back to Perth. Western Australia’s capital city was bustling in the 1880s, a noticeable shift from its start as an isolated agricultural settlement fifty years earlier. It’s easy to imagine that after scrubbing off the last bit of red dirt at the municipal bath, Mr. Davis walked over to the pub for a meat pie, reading in the Inquirer and Commercial News over his beer that a government geologist had found traces of gold in the Kimberley. It would be up north to the Kimberley region for him, then. But today, as soon as he finished his pint he would look for someone who might be interested in that extraordinary, and possibly valuable, fossil—the mysterious talisman from his ride out of the bush.


Perhaps a miner loitering in the assayer’s office suggested the name of Reverend J. G. Nicolay, a clergyman in the nearby harbor town of Fremantle who studied rocks and fossils and was said to welcome unusual finds. A suburban railway had just been put into service between Perth and Fremantle and the ten-mile ride would be a novelty in any case. So we can picture the freshly shaven Mr. Davis, with the world’s first Helicoprion fossil in a cloth sack, catching the train to meet Reverend Nicolay.


The historic scientific community is a pyramid of individuals. At the top are the most famous minds: Copernicus, Darwin, Watson and Crick, Rachel Carson, and the select others in that esteemed intellectual royalty that are household names today. Buttressing the entire rest of the pyramid is a jostling throng of curious men and women from all walks of life out there observing, measuring, searching, pondering, collecting, writing, theorizing, debating, and sharing, mostly in relative anonymity—like Reverend Nicolay. We know slightly more about Nicolay than we do about Mr. Davis, but not by much. He could have been a Congregationalist, Wesleyan, Episcopalian, or Presbyterian minister, as each of those denominations was present in Fremantle at the time. Almost certainly he was involved with the small, local natural history society that would eventually morph into the Royal Society of Western Australia. Indeed, a few years after his meeting with Mr. Davis, Reverend Nicolay became a corresponding member of the already established Royal Society of South Australia, contributing a paper on the “Coast Limestones of Fremantle, Western Australia.” It wasn’t unusual for men of the cloth to involve themselves in the coalescing disciplines of geology and paleontology. After all, ordained theologians were a scholarly group. Charles Darwin himself almost entered the clergy. And going back in time to the early natural philosophers, God’s word as written in scripture and his works as witnessed in nature were viewed as mirroring aspects of the same truth. Far from being in inherent conflict with religious faith, geology was accepted as its accessory—evidence for the grandeur of God’s creation.


Yet it was only a matter of time before the harmony struck a sour note. And it was, literally, time that proved to be the most dissonant chord. In 1650, James Ussher, Archbishop of Armagh and Primate of All Ireland, worked some inspired math and determined that God created the world and every shark, spider, coal seam, Swan River blackbutt, and apple tree in it during a weeklong burst of celestial energy that began at “the entrance of night preceding the 23rd day of October, the year before Christ 4004.” Ussher didn’t explain what happened to the first few weeks of October or what was just outside night’s entrance. It’s easy to lampoon his divine date stamp, but Ussher was a highly respected scholar, and the information didn’t come to him in a vision but through his industrious application of the most current knowledge of ancient history, astronomy, biblical languages, chronology, and other disciplines. And it was no prayerful pondering that led him to the rigorous academic work that ended with establishing this date. As a Protestant bishop in a majority-Catholic land, Ussher was obsessed with establishing the scholarly superiority of his reformed faith over the resolutely intellectual Jesuits, an order of Roman Catholic priests. After setting the date of creation, Ussher further calculated that receding floodwaters lowered Noah’s ark upon Mount Ararat on Wednesday, May 5, 2348 BC. The Great Flood as set forth in Genesis (only six chapters after Adam and Eve are settled in the garden), was regarded as the defining cataclysm that left the world in the shape that Ussher beheld on his travels between Ireland and England.


Whispers that the world was vastly older rose like steam from a volcano not too long after Ussher’s pronouncement. Aroused by such murmurings, the stripling discipline that would become geology began a long, slow branching away from the gnarled trunk of natural philosophy. Two revolutionary ideas had emerged by the mid-seventeenth century: that fossils were the remains of once-living animals, and that the rocks containing those fossils were formed in consecutive layers over some significant period of time. Far longer than what Ussher’s date of creation would allow. This observation of the sequential nature of rock layers was profoundly important and gave us the first of two main organizing principles of modern geology: the Principle of Superposition.


It seems only fitting that sharks bearing coded messages from deep time would be the agents of this ripping quantum leap. In 1666, fishermen working the rich waters of the Ligurian Sea, an arm of the Mediterranean, caught what was likely a great white shark. Was it intentional? Or an unintentional heart-in-theirthroats encounter? Did it charge their boat? Get tangled in their nets? We don’t know, but it was a thrilling enough event that when the fishermen dragged the beast ashore word spread all the way to Ferdinando II de’ Medici, Grand Duke of Tuscany. A patron of the sciences, Ferdinando ordered the shark’s head be brought to his exceptionally bright young personal physician, a twenty-nine-year-old Dane with the Latinized name of Nicolaus Steno. This was a propitious collision of events. As Steno meticulously dissected the great white’s teeth away from its gummy jaws, he was struck by their resemblance to glossopetrae, or “tongue stones,” interesting little natural curiosities found embedded in certain rocks.


Tradition held that when Saint Paul was bitten by an adder while shipwrecked on Malta, he cursed the island’s serpents, turning their tongues to stone. Tongue stones, especially those collected on Malta, were said to have powerful talismanic and medicinal properties and were often sewn into pockets or worn as pendants around the neck. (Thank Saint Paul, not a surfer, for your shark-tooth necklace.) At that time the word “fossil” was used for any natural curiosity dug from the ground, including crystals, archaeological artifacts, unusually shaped rocks, and those so-called tongue stones—as well as the prolific other stones that bore an uncanny resemblance to seashells. As various voices explained it from assorted angles, those objects had fallen from the sky, or were placed inside the rocks by the hand of God as a reminder of his creativity, or they grew inside the earth from a “hidden virtue,” or had been formed by a shaping force (vis plastica) within the earth, or were simply sports of nature.


After Steno’s close encounter with the great white, he added his voice to the mix with a new explanation for “fossils,” outlining his ideas in a cautious appendix to a larger study on muscles that was published in 1667. Gathering his arguments and his convictions, Steno then wrote “Preliminary Dissertation Concerning a Solid Body Enclosed by Process of Nature Within a Solid,” a bolder statement asserting that the tongue stones were the remains of once-living animals and suggesting how they came to be embedded in rock layers. This 1669 publication, commonly called the Prodromus, is considered by many to be the world’s first geological treatise. In it, Steno drew a sharp distinction between his direct observations and his “conjectures.” He built his potentially unsettling arguments with intention, from observation to inference to conclusion, pioneering a standard for rational scientific discussion based on empirical evidence. As proof that fossils weren’t growing like virtuous but doomed potatoes inside the rocks, he noted that the glossopetrae, the tongue stones, appeared somewhat deteriorated, an indication that the rocks must have formed around them. He further argued that the stone enclosing them had once been soft, as suggested by the fact that they weren’t distorted or deformed. That soft material was very probably wet, he thought, like the muddy sediments they all knew accumulated at the bottom of an abandoned quarry; the hardening of the layer must have occurred as moisture leached out. Educated people of the time understood the basics of dissolved minerals, and Steno proposed that those substances could make their way into organic remains (a carcass at the bottom of the quarry), transforming the original physical composition into a stony object. So, therefore, it was quite reasonable to believe that glossopetrae were the teeth of sharks that had died during a period of sedimentation.


It followed, Steno argued, that new layers of sediment would be laid down on top of older ones. And there it was, the Principle of Superposition: any layer, as originally laid down, is younger than the layer it rests on and older than the one above it.


The Principle of Superposition was a great start. Still, the layering was an observation of relative time rather than a calculation of overall age. Steno’s layers could form in a matter of days or months, and thus comfortably fit into Archbishop Ussher’s time frame and worldview.


Steno’s contemporary, British scientist and inventor of the universal joint Robert Hooke, was also arguing that fossils weren’t sports of nature. A brilliant if bilious polymath, Hooke devised an illuminated compound microscope, which he used to examine fossils, among many other things. In his 1665 book Micrographica, with its etchings of a flea, fly eyes, and the first cells, Hooke described structural similarities between fossil shells and the shells of living mollusks, and between petrified wood and living wood. This led him to share Steno’s conclusion that fossils had organic origins. The idea of fossils as once-living animals was a lot to swallow, but at least there was a direct correlation between Steno’s gleaming white shark teeth and fossil shark teeth—you had a dead shark, and an older dead shark. Hooke introduced a dicier angle into the picture by scrutinizing fossils like ammonites (those lovely extinct spiraled cephalopods) that could not be perfectly matched with any living animal. “There have been many other Species of Creatures in former Ages, of which we can find none at present,” he wrote. The idea of extinction, theologically unacceptable in a divinely created world, was now a shadow at the door.


So Steno and Hooke gave us real fossils and superposition, the first principle of geology, nearly four hundred years ago. According to the Principle of Superposition, sedimentary rocks form in layers that accumulate over time, with the oldest layer at the bottom and the youngest layer on the top. It’s really that simple, and it really was that much of a eureka moment back then in the late 1660s.


Of course extinction is tied up in the broader context of real, not relative, time, to which we turn next.


___________


In the way that shark teeth led Steno to fossils, fossils led English surveyor William “Strata” Smith to the second founding principle of modern geology: the Principle of Faunal Succession.


Credit came belatedly and grudgingly to Smith, born to an Oxford-shire blacksmith in 1769. Smith’s father died when the boy was eight, and William was sent for a while to live with his farmer uncle. It was a time in history, writes Simon Winchester in his book, The Map That Changed the World: William Smith and the Birth of Modern Geology, when “the faiths and certainties of centuries past were being edged aside, and the world was being prepared, if gently and unknowingly, to receive the shocking news of scientific revelation.” Revelation that Smith himself would drop on the world.


Young William, conceivably feeling dislodged and lonely away from his mother, began to fill his empty spaces with observations. The farm had a dairy and William noticed that his aunt—like all the dairymaids of the region—used a distinctive, dome-shaped stone as a counterweight on her balance scale when she was measuring out a package of butter. Locals knew them as pound stones, or Chedworth buns, for their happy similarity to plump hot cross buns. Chedworth was only about thirty miles away and the stones were abundant in area fields. It was easy to collect stones that were nicely uniform in size and weight—twenty-two ounces to be precise, or what the dairy managers called a “long pound.” Hefting the smooth, comfortable weight of a pound stone in his palm, William noticed that it had five longitudinal sections (like a five-sectioned orange) and was incised with attractive repeating patterns. Maybe he spent parts of his days wandering the pastures, collecting the stones, comparing their markings before dropping them off at the creamery. The next curiosity to catch young Smith’s eye were stones the size of small grapes, strewn through surrounding pastures just begging children to gather them up for a spontaneous game akin to marbles. They were most widely known as lampshells, for their resemblance to early Roman oil lamps, but the local name for those stones was “pundib.” No explanation for the name seems to have survived, although it appears to have been an old miner’s term. Juggling a few pundibs from hand to hand for the pleasant clack, William admired their varied textures and sheen.


Even as a boy, William must have intuitively known that the stones had a story far beyond marbles and butter, but it would have been hard to find anyone to tell it to him. Almost certainly not his uncle, or aunt, or his mother’s new husband, or even his teacher at the village school, who was said to lead class with a cat sitting on each knee. But by then, the latter half of the eighteenth century, a small number of informed naturalists did know the story, or at least parts of it. They knew that Chedworth buns were fossilized sea urchins and that the pundibs were a type of fossil brachiopod. (Brachiopods look like clams to the casual observer but are in their own phylum, Brachiopoda. They’re not even that closely related to mollusks, phylum Mollusca, which includes clams, snails, and squid.) Yes, Smith was born into a society that readily flocked behind the bellwether of theological doctrine. Yet it was also a time when new understandings were beginning to shear Ussher’s wool away from open eyes.


When he was eighteen, Smith finagled a job as the assistant to a professional surveyor named Edward Webb, who taught him how to measure and value land. Smith impressed his new employer and was soon traveling the length of England and working independently. About five years after his hire, Smith was sent to make a survey of the Mearns Colliery, a working coal mine located on an estate sitting atop the Somerset Coalfield. Not wanting to (or not able to) spend money on coach fare, Smith walked the fifty miles to his new job along old Roman roads. Thus thoroughly grounded in Somerset geography we can see him on his first day of work at Mearns Pit, peering into a mine shaft, feeling the earth’s own sultry breath on his face.


Spread across the Mearns Colliery were a number of shafts, and twenty-three-year-old Smith climbed down every one of them multiple times, sometimes descending by ladder, sometimes riding on a dredger chain. The dim underworld must have been heaven for Smith; his fascination with rocks had only grown from the pundib days, and he was eager to plumb earth’s buried mysteries. First to draw his attention as he slipped deeper into the mines was the patterned layering of rock, with distinct and abrupt boundaries between each single layer, or stratum. Not too far below the surface he noticed orderly layers of red marlstone interspersed with greenish shales, like so many slices of bread and butter, he thought. He made an underlined mental note that the stacked layers dipped slightly downward, pointing in the general direction of London.


There are three main types of rock: sedimentary, igneous, and metamorphic. Simplistically speaking, sedimentary rock forms when sediments like silt, minerals, and decayed organic matter accumulate in horizontal layers that are eventually consolidated into solid rock. Shale, sandstone, and limestone are prime examples. Igneous rock, such as basalt and granite, comes from volcanic activity. Metamorphic rock is either igneous or sedimentary rock that has been transformed by tremendous heat and pressure: limestone becomes marble; mudstone becomes slate; granite typically becomes gneiss. Most of the rocks in our story are sedimentary, because that’s where the fossil action is. The extreme temperatures and pressure that create igneous and metamorphic rock obliterate the possibility of fossils.


Underlying the red marls and green shales that Smith saw were more sedimentary layers, including sandstone, siltstone, mudstone, coal seams, and what is called “seat earth”—an ancient soil layer that supported the seed ferns, horsetails, club mosses, scale trees, and other plants that had transformed into the coal Smith and his employer were chasing. The miners knew each seam of the Somerset coal measures by name, like Dungy Drift, Kingswood Toad, Temple Cloud, Peacock, Warkey, Firestone, Globe, White Axen, and on. “Coal measure” is the term for coal-bearing layers of earth laid down between 310 and 290 million years ago during the Carboniferous period. The word root “carbon” is your big clue as to what that period was all about. Along with its given name, each coal seam had a distinct character. Blindfold a miner (if you dared), drop him down any of the collier’s shafts, to any level in the coal measure, remove the blindfold, and he would know exactly what seam he was looking at. Each seam had its own thickness (anywhere from nine inches to nine feet), a distinct texture or shade, maybe a certain oily feel or scent—and very significantly, each rock layer in the measure had its own unique set of fossils. There might be freshwater bivalves like Carbonicola and Anthracosia in a layer of mudstone, marine brachiopods of the genus Lingula in a siltstone stratum, and ferny, palm-frondish Mariopteris and Annularia fossils in a seam of coal.
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