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Prologue

An ocean mapper once told me about a sponge that had shaken up his perspective on surveying the seafloor—not some ordinary dish sponge, but a fantastic deep-sea sponge that is among the oldest life-forms on Earth.

He works aboard an exploration vessel (E/V) called Nautilus, where he spends his days exploring the seafloor. Today, around a quarter of the seafloor is mapped,1 and less than 1 percent has been explored with remotely operated vehicles (ROVs) like the kind found on board Nautilus. The ROV is as big as a car and kitted out with sensors, headlamps, and video cameras, which was how Renato Kane first encountered that mind-altering sponge.

Kane has worked aboard Nautilus for more than a decade now; he’s seen a lot of dives in his time, watching as the ROV picks its way across the seafloor, sampling sediment, discovering new species, capturing incredible new animal behavior, skimming over shimmering hydrothermal vents, and zooming in on creatures hidden in deep-sea corals. Kane is lucky to have the job, and he knows it, but any task becomes routine after a while. Every so often, though, something snaps him out of the everyday and reveals a deeper purpose to exploring the seafloor. Like that sponge he saw at the bottom of the Pacific Ocean.

The off-white sponge that loomed up in front of Nautilus’s ROV camera that day was gigantic, rivaling the size of the ROV itself. It must have been hundreds of years old, Kane suspected, maybe even a thousand. Deep-sea sponges grow at a glacial pace. One species (Monorhaphis chuni) lives an estimated eleven thousand years, sprouting spiky appendages 6 feet long. The reason for such astonishing longevity is still unclear, but many deep-sea animals reach an advanced age, so it might be an effect of the dark, cold, sparse conditions on the seafloor. Suddenly Kane saw the sponge’s unbelievably long life pass before his eyes. The animal, so often mistaken for a plant, had sat quietly in the same spot for centuries while wars raged, pandemics and prophets came and went, empires rose and fell, and had been in that spot, thousands of feet below the ocean’s surface, knowing only dark, cold, still water its entire life. Insulated by the miles of ocean above, the life of a deep-sea sponge is incredibly stable compared to that of humans. It lives in utter darkness, at the same constant pressure and temperature, feeling barely a current in the sluggish waters of the deep—until one day when a big, bright blinking machine sweeps in out of the darkness, peers at it, and moves on, leaving it swaying in the machine’s wake. In that brief interaction, we humans are the aliens, visiting another world right here on Earth.

The ROV moved on past the sponge, but Kane couldn’t, preoccupied by how unique that moment had been. As the deep-sea explorer Sylvia Earle likes to say, “Drop a stone almost anywhere in the ocean and it’s likely to land in a place no human has been.”2

That dive, and indeed all the dives that Kane had witnessed over his years on Nautilus, began to weigh on him heavily. Although all the dives are livestreamed and archived for posterity, the ship would never return to that spot again. “Everything in the moment that you’re seeing, it’s never seen again,” he told me.

At the time, the two of us were sitting in Nautilus’s data lab as we sailed up the coast of California. The portholes lining the data lab looked like a washing machine on rinse cycle, bubbly waves frothing against the glass and revealing the stormy conditions outside. Otherwise, the room was devoted to screens: computer screens at the half dozen workstations and video monitors covering one wall. Each screen streamed live data from the watery world outside: new maps of the seafloor, new discoveries and data sets that would take experts years to analyze and fully understand. Today, studying the ocean is one of those rare fields where major breakthroughs happen by accident all the time. And that is the beautiful burden of being an ocean explorer: anything you encounter in the deep sea could be a first.

And there is still so much of it left to explore.

“We know more about the surface of the moon than we do about the bottom of the ocean.” This sentence or one like it appears in almost every article you read about the deep sea nowadays. As an ocean journalist who writes and reads exhaustively about the marine world, I’ve seen it in so many stories that I’ve lost count. Sometimes the moon is swapped out for Mars or another celestial body, but mostly the statement appears verbatim with little to no explanation. Whenever I read it, I always found myself wondering why: Why do we know so little about the ocean? And why does it make sense that we know more about other planets than we do our own?

When you dig into that sentence a little more, as I did, you learn that it refers only to mapping the seafloor—although our knowledge of deep-sea habitats and history is also paltry compared to our knowledge of land. The best, most complete map we have of the ocean has been made by satellite predictions, and the resolution is so grainy and so general that entire submarine mountains, known as seamounts, are hidden from view. Meanwhile, the topographies of the moon, Mars, Venus, and other celestial bodies are all surveyed at a higher resolution than the global seafloor. As a result of this oversight, the amount of seafloor left to map today is nearly double the size of all the continents on Earth combined.

In 2017, the Nippon Foundation-GEBCO Seabed 2030 Project was formed to finish a complete map of the world’s seafloor by the end of the next decade.* Spearheaded by a group of scrappy ocean mappers from all over the world, Seabed 2030 planned to recruit vessels already at sea, from cruise ships to luxury yachts, to crowdsource the map. Its participants wanted to harness new autonomous technology to survey the seafloor with drones. At this pivotal moment in history, when the planet is enduring a series of interconnected crises caused by climate change, Seabed 2030 hopes to finish a map that might help us protect both ourselves and the planet. Never again would we hear that we know the moon better than we do the ocean, and wonder why—because at long last, we were finally going to finish the map.

Intrigued, I started to follow Seabed 2030 and quickly realized that there are good reasons for why we haven’t mapped the seafloor. For starters, the ocean is huge. Seawater covers 71 percent of the planet. But it’s hard to show people, who live on the other 29 percent, just how big 71 percent truly is. It is vast—incomprehensibly so. The majority of the planet is flat blue ocean, and that’s only what we can see on the surface. On average, the ocean is nearly 2.5 miles deep—ten times the height of New York City’s Empire State Building.3 The five ocean basins hold over 324 million cubic miles of salt water, comprising 99 percent of the habitable space on Earth. Most of us will never see even a fraction of this underwater world.

The ocean is also, to put it mildly, an unforgiving work environment. Everything is conspiring against the hydrographer who tries to measure the bottom of the ocean.* You need a diesel-powered survey ship, special expertise, and an expensive deepwater sonar to do so. On the surface, you’re battling wind, water, waves, sun, and salt, which are constantly breaking down equipment and testing the personnel; meanwhile, below you is a parallel universe of bone-crushing barometric pressure, freezing temperatures, and all-consuming darkness. During my time aboard Nautilus, for example, the weather was so brutal that we managed to map only an area roughly the size of Rhode Island before having to return to land. In places such as the big, wild uncharted Southern Ocean around Antarctica, roaring waves as tall as skyscrapers are commonplace.

This makes mapping the ocean a very, very expensive endeavor. Seabed 2030 pegged the cost of its mission at between $3 billion and $5 billion. (For context, that’s roughly how much it cost to send the Perseverance rover to Mars in 2020.)4 As survey ships move closer to shore, the mapping becomes more complicated—and so does the politics. In fact, mapping contested waters can be a geopolitical minefield. Despite Seabed 2030’s clearly stated scientific goals, many nations consider mapping within their territorial waters an infringement on their sovereignty—spying, essentially. There are environmental trade-offs, too. The most detailed seafloor maps are made with top-of-the-line multibeam sonars. From shipping traffic to naval exercises and oil and gas surveying, the increasingly industrialized ocean is a sonic nightmare for whales and other marine life that survive through sound. Should we really be adding more noise to the mix?

I waded into these questions by going on a mapping cruise with E/V Nautilus. I interviewed dozens of mappers from all over the world. I attended conferences, lectures, and even an international meeting on naming newly mapped seamounts and canyons. I flew to a remote Arctic hamlet to watch Inuit hunters map uncharted coastlines. I went diving in the Gulf of Mexico and saw seafloor maps lead archaeologists to uncover early human history. I wandered through an airplane hangar near San Francisco filled with ocean-mapping drones.

The history of mapping also raises another troubling question: What happens if we do finish Seabed 2030? We know all too well from the seafaring colonizers of the past that a map is not a neutral tool. As the journalist Stephen Hall once wrote, “A map always presages some form of exploitation.” Those words followed me to Jamaica, where I watched the governments of the world debate rules and regulations for mining the international seabed. Humanity’s mass industrialization of the planet has finally come for the last untouched ecosystem on the planet—would maps pave the way?

One truth did become abundantly clear to me while sitting next to Renato Kane on Nautilus: we can map the whole ocean right now. In fact, we’ve had the tools and the technology to do it for decades. Why haven’t we? That question led me back to the sentence that kicked off this whole voyage of discovery: we know the surface of the moon better than we do the bottom of the ocean. It’s a cliché, yet it rings true today as a new generation in space exploration dawns. NASA has sunk tens of billions of dollars into the Artemis mission: to return astronauts to the moon and eventually send them to Mars.5 Meanwhile, we risk leaving behind an unexplored world beneath the waves.




Chapter 1

An Expedition into the Deep

1.

It was the weirdest job description Cassie Bongiovanni had ever read, and she had read a lot of them lately. With weeks to go until graduating with a master’s degree in ocean mapping from the University of New Hampshire, the ambitious, talented twenty-five-year-old was surfing the job boards, looking for her first postgraduation gig. At the time, it seemed as though everyone in her program at UNH’s Center for Coastal and Ocean Mapping (CCOM) was going for job interviews and signing contracts.

“To be perfectly honest, I was definitely panicking,” she remembered. “That program is so well regarded that almost everyone who graduates gets a job immediately. I didn’t want to be that one person who doesn’t.”

Then an email landed in her inbox, forwarded by a friend of a friend inside the federal government’s National Oceanic and Atmospheric Administration (NOAA). They were “looking for some qualified folks” to run a mapping system for 110 days at sea, the email read cryptically. There was no mention of which mapping system might be used or where in the world the mapping might take place—or what the new maps might be used for. Still, it caught Bongiovanni at a moment of peak anxiety about her future.

That was in late 2018, when there should have been no shortage of jobs in the “ocean economy,” what the Organisation for Economic Co-operation and Development (OECD) predicted would be a new era of unprecedented growth and investment in the sea.1 The economic growth flowing from the blue side of the planet would double from $1.5 trillion in 2010 to more than $3 trillion by 2030. That growth would be thanks not only to the traditional titans of the sea—shipping, fishing, oil, and gas—but also to upstarts, such as offshore wind power, aquaculture, marine biotechnology, and seabed mining. The newcomers were infusing the ocean with big money and even bigger dreams. Most of the industries needed ocean mappers such as Cassie Bongiovanni.

It wasn’t only economists who were taking a keen interest in the ocean. After years of dwindling public investment and devastating reports on marine health, ocean exploration had suddenly entered a gilded age. Throughout the late aughts and into the early 2010s, a who’s who of philanthropic billionaires had founded ocean research outfits and launched state-of-the-art vessels. Ray Dalio, a former co–chief investment officer of the world’s largest hedge fund, Bridgewater Associates, had founded the ocean research and media group OceanX. The former Google CEO Eric Schmidt and his wife, Wendy, had created the Schmidt Ocean Institute and launched a research vessel named Falkor, after the cocker spaniel–faced dragon in The NeverEnding Story. Microsoft cofounder Paul Allen and Salesforce CEO Marc Benioff had founded and funded ocean research departments at West Coast universities. Suddenly the richest people in the world were sinking millions of dollars into ocean research.

The international community got on board, too. In 2017, the United Nations General Assembly declared 2021 to 2030 to be the Decade of Ocean Science for Sustainable Development. Later that year, Seabed 2030 was launched with a mandate to map the entire world’s ocean by the close of the next decade—an ambitious goal that had eluded humanity for more than four thousand years. Seabed 2030 declared that it would do it in just thirteen years.

World governments, economists, and jet-setting billionaires had all converged on the ocean just as Cassie Bongiovanni was set to graduate from the Ivy League of ocean-mapping schools. In that new blue economy, she should have had no trouble landing a job. There were some leads, some phone calls, some conversations that seemed as though they might be heading somewhere . . . and then nothing. She had started her master’s two years earlier, in 2016, when experts had estimated that roughly 15 percent of the world’s seafloor was mapped. There was more than enough work for her to do; someone just had to give her a chance.

The 15 percent of mapped seafloor is found mostly close to shore, where governments are required by international law to survey their territorial waters. In international waters, however, the ocean maps are patchy. In the best maps held by Seabed 2030, thin survey lines connect the continents, lighting up a patch of seafloor in an ocean of darkness. Those well-charted routes mostly follow shipping lanes used by international cargo fleets, which carry more than 95 percent of world trade, or they indicate the surveyed seafloor where submarine cables, which carry over 90 percent of the world’s internet traffic, lie.2 In certain places, such as the Gulf of Mexico off Louisiana and the Gulf of Sidra near Libya, the seafloor has been thoroughly sounded for fossil fuels buried beneath the primordial muck. But the majority of the international seafloor is shrouded in darkness: the world’s last great mystery.

As Cassie studied the email and its odd call for ocean mappers, she felt the weight of her uncertain future pressing down on her. In just a few weeks, she would defend her thesis. Then, in fairly short order, she would graduate, lose her student medical insurance, move out of her rented student apartment, and probably wind up back at her parents’ home in Dallas, feeling like a failure. What did she have to lose? She quickly drafted a reply, attached her résumé, and hit “Send.”

Cassie describes herself as shy; she’s a planner and an organizer. She has big brown eyes, high cheekbones, and a warm smile. She often pulls her long brown hair back into a practical bun or French braid. At first, she might come across as reserved, even quiet. But very quickly, her goofy sense of humor, along with her whip-smart sensitivity and intelligence, become clear. She’s also a millennial through and through: she calls herself a “total derp,” cracks jokes about Pokémon GO (which I did not get), and at one point made a reference to the 2001 Julia Stiles movie Save the Last Dance (which I did).

“Why are you talking to me?” she asked in her typically self-effacing fashion when I first reached out to her. As a journalist, when someone asks me that question, I know I’ve struck gold. I always prefer the Cassies of the world, the behind-the-scenes types, the people down in the trenches who never think they have a good story to tell. Within them, they always hold some unvarnished insight into the truth.

The thing is, ocean explorers are not known as a modest bunch. That was something else I liked about Cassie Bongiovanni. She does not pretend to be heir apparent to Roald Amundsen, racing to reach the South Pole, or a real-life Captain Nemo.* Nor does she belong to the one-percenters exploring the ocean today, people such as Ray Dalio and the filmmaker James Cameron, who have entire teams to do their bidding. But in 2018, she was on the cusp of doing something extraordinary, something that no one had ever done before in the long, tangled history of humans exploring the sea.

And when Cassie speaks about mapping the seafloor, about seeing something that no one else has seen before, I hear in her voice the ineluctable curiosity that powers exploration.

Growing up in landlocked Dallas, surrounded by fields of pumping oil jacks, Cassie learned to love the earth. That propelled her into a bachelor’s degree in geology—a “very common path forward” in oil-happy Texas, she said. During the summer, her family would escape Dallas for the seashore, taking road trips up the East Coast to visit relatives in New Jersey. That was where Cassie had a revelation: she loved the ocean, too, but “I didn’t realize you could do anything in the ocean outside of marine biology,” she remembered. Then she took an introductory oceanography course in the latter half of working for her bachelor’s degree and learned she could study the geology hidden by the sea. As she continued to take more and more oceanography courses, she realized that mapping the seafloor offered a way to combine her love of the ocean and the earth into a single profession.

The same day she sent off her résumé, her phone rang. A man with a New Zealand accent introduced himself. His name was Rob McCallum. “Let me tell you about the Five Deeps,” he began.

2.

While Cassie was on the hunt for a job, Victor Vescovo was looking for his next big challenge. Victor hailed from Dallas, too, and he shared Cassie’s Italian roots, but that was where the similarities ended. Victor made his fortune in private equity, and in between stints working for navy intelligence, he has used that fortune to build a modern explorer’s life centered around adventure. He has completed the Explorers Grand Slam, summiting the highest mountain on all seven continents and skiing to both poles. He owns a helicopter and a jet that he pilots himself. Yet he looks and sounds nothing like the adrenaline-jacked Texas financier you might expect. He has powder-blue eyes, paper-white skin, and long ash-blond hair that he wears pulled back in a low ponytail. His voice is soft and thoughtful, although prone to nerdy bursts of excitement over military history and science fiction. He seems like someone who has never known boredom for even a moment in his life. Now he wanted to become the first person to dive the deepest point of all five oceans.

The idea hatched slowly. Sometime in the early aughts, when Victor was serving as the interim CEO of one company and the chairman of three others, he began casting around for some new adventure he might like to do.3 He was aging out of the mountaineering world but still hungered for another challenge—one that required less brawn and more brain. For years, he had followed the record-setting exploits of the British business magnate Richard Branson and his attempts to dive to the deepest point of all five oceans.

In late 2014, Branson abandoned his Five Dives quest after a series of technical failures.4 One of the more serious flaws? The transparent dome on his specially designed submersible caved in under the simulated pressure of diving miles below the ocean’s surface. Some people might see a flattened submersible and think, “You know, maybe diving the world’s deepest trench isn’t for me.” Victor, however, realized that a world record was still up for grabs.

“At that point it was 2014 or 2015, and I was like, ‘You gotta be kidding me! Human beings have not been to the bottom of our oceans?’” he said. It was almost personally offensive to Victor that no one had yet explored the deepest parts of the planet. Remarkably, the ocean is largely devoid of deep-sea explorers. The most famous dive took place in 1960, when a two-man team descended nearly 7 miles beneath the surface of the Pacific Ocean, right near the US overseas territory of Guam. At that intersection between two tectonic plates, the old, crusty, dense Pacific Plate pushes underneath the younger, lighter Mariana Plate. That geological roughhousing created the Mariana Trench and the trench’s deepest point, the Challenger Deep. The Mariana Trench stretches 2,540 kilometers (1,580 miles)—about twenty times as long as the English Channel—and bottoms out just past 10,000 meters (32,808 feet). Within the already exceptionally deep trench is a little slot that stretches another kilometer deeper: the Challenger Deep, the deepest point in the entire ocean at 10,924 meters (35,840 feet) deep.5

The two-man team, comprising US Navy lieutenant Don Walsh and Swiss oceanographer Jacques Piccard, climbed into a basic diving craft called Trieste. They descended and spent just twenty minutes at full-ocean depth. Don Walsh later told interviewers that he had expected to set off a wave of exploration in the deep sea. But no one returned to the Challenger Deep for another sixty years.

In 2012, the film director James Cameron dived the Challenger Deep and nabbed the world record for deepest solo dive in the world. But that was not a smooth operation, either. Pressed for time, he dived the deep at night. When he resurfaced hours later, his support ship couldn’t find him. A nearby yacht, owned by the billionaire Paul Allen, was called in to help find the floating film director. Various parts of his submersible, the Deepsea Challenger, had malfunctioned during the dive—none of the malfunctions life threatening—but the submersible never dived again.6

As Victor mulled over making a dive to the bottom of the Mariana Trench, he found a few things that appealed to him about the mission. He liked the symmetry of reaching both the highest and lowest points on Earth. (That could also net him another world record: first person to scale the highest heights and lowest lows on Earth.) Even though he might not speak or look like a Texan, he thinks like one: “I come from that culture in Texas where it’s ‘If not me, who?’ You can’t just throw it off on government or somebody else. So it’s like, well, ‘Okay, why not me?’”

Victor’s attraction to diving the deep sea coincided with a wider shift in exploration. Throughout the twentieth century, national governments typically funded scientific or military operations to reach extreme unexplored terrain, but more recently, the world’s wealthiest individuals—most of them white men—have been outpacing government investment by forming their own private exploration companies. Critics argue that companies such as Elon Musk’s SpaceX and Jeff Bezos’s Blue Origin are not a step forward but rather a slide backward, throwing up barriers that only the rich and connected can hope to overcome. By privatizing exploration, such companies make exploration in the twenty-first century look a lot like exploration in the nineteenth century, when the brutal inequalities of England’s Industrial Revolution provided enough “gentlemen explorers” with the time and money to pursue a new hobby: striking out for unknown terrain.7

Over the coming four years, Victor would sink millions into chasing the five deepest dives that Branson had abandoned. He renamed the quest the Five Deeps Expedition. He bought a research ship. He commissioned a cutting-edge submersible, named Limiting Factor, from Triton Submarines in Florida. He hired an expedition leader, the New Zealander Rob McCallum, who brought on a science team that included the deep-sea biologist Alan Jamieson and the marine geologist Heather Stewart.

Pretty quickly, Stewart discovered a major snag in Five Deeps’ plan: no one actually knew where the deepest points of the ocean were.8 “The Pacific is the exception,” she explained, because “everyone pretty much knows it’s the Mariana Trench, as the Challenger [Deep] has been surveyed a lot.” The Southern Ocean, on the other hand, is a massive blank space. Only a fraction of the Southern Ocean has been surveyed with modern equipment, and Stewart estimates that maybe only 1 percent of the South Sandwich Trench—the Southern Ocean’s deepest region—has been well charted. “So where’s the deepest point in the Southern Ocean? It’s like, pick a number,” she said with a laugh.

That was where Cassie Bongiovanni would come in, Rob McCallum explained on the call. If she joined the Five Deeps as the lead mapper, her job would be to find the deepest points on the entire planet.

3.

When Cassie got off the phone with McCallum, she was, to put it mildly, ecstatic. “I couldn’t sleep that night,” she said. “I was so excited about the possibilities. I was daydreaming all night about what my life would be like, if I could go to all of those places while doing the job that I love.”

Cassie went to Five Deeps’ website, and a sleek world map appeared on the home page: oceans in black, land in blue, the five deeps pinpointed in the Atlantic, Southern, Indian, Pacific, and Arctic oceans. The expedition’s first dive would be in the Atlantic’s Puerto Rico Trench, with stops in Puerto Rico and Curaçao. From there, the ship would head south to a string of volcanic islets in the Southern Ocean, with stopovers in Uruguay and Grytviken on South Georgia Island, a lonely whaling station where Sir Ernest Shackleton stopped before his doomed trip to Antarctica. The ship would pull into Cape Town, South Africa, before heading east to the Indian Ocean for a dive in the Java Trench, with stops in Indonesia and East Timor along the way. Then it would be on to the US overseas territory of Guam, which is right next door to the Mariana Trench, in the Pacific. The ship would then head north, back to the Atlantic, by threading the needle of the Panama Canal, and head to the fifth and final deep in the Arctic, the Molloy Hole, before finishing the trip in Svalbard, Norway.

If everything went well, a hero’s welcome would await the team at the Royal Geographical Society in London, England. In a little over a year, the world tour would not only take Cassie to islands so remote that they nearly fell off the map, and to beautiful bustling tropical cities in the middle of the Indian and Pacific oceans, but also catapult her into the ranks of world explorers. There would be icebergs and penguins, Buddhist monasteries and monkeys, lonely mountaintop castles, beaches covered in billions of fragile cream-colored shells . . . and seafloor.

“Yeah, I was freaking out,” she said. “I directed my parents to [the website]. I was like, ‘Look at where they’re going!’” she said in an excited shriek. Always the planner, she kept a growing list of places she wanted to visit one day. The Five Deeps would cross a lot of them off that list. Victor Vescovo would pay her to travel the world and do the mapping she loved to do. Excitement building inside her, she clicked on the website’s crew page, and five headshots of older white men appeared, one for every senior position. That gave her pause. In fact, it worried her enough to dampen her excitement, and she wasn’t the only one.

At a marine science conference, a scientist had already called out Five Deeps for its lack of diversity, a criticism that would continue to dog the expedition.9 Back at UNH, Cassie asked her friends and colleagues at the CCOM what they thought about the job offer. The universal reaction from her friends in the mapping program: “You really want to go to sea with only guys? Not a single girl mentioned anywhere?” Cassie’s concern was mostly professional. Would the older, more experienced men listen to a twenty-five-year-old woman fresh out of university when she spoke up?

There were other red flags. Within seconds of speaking with McCallum, she realized that he was not an expert in the type of ocean mapping Cassie would be doing with Five Deeps. McCallum is a fascinating character in his own right. He’s a dive master, a licensed aircraft pilot, and a jack-of-all-trades expedition leader whose role requires him to know every team member’s job equally, if not deeply. But he is not a hydrographer, and Cassie clocked that immediately. The first tip-off was the way he referred to the multibeam sonar that the Five Deeps had recently purchased. “He kept calling it ‘the sonar’ and no one calls it ‘the sonar,’” Cassie said.

“It is wrong to call a sonar a sonar?” I asked, puzzled. (I’d been doing the same thing pretty much the entire time we were talking.)

“It’s implicit that it’s a sonar, because the only way to map [in the ocean] is with sound,” she explained patiently. In the ocean-mapping world, people talk more specifically in brand names and model numbers that indicate the sonar’s depth and frequency. “I asked [McCallum], ‘So do you know what type of sonar you have installed?’ He said, ‘Kongsberg.’ And I was like, ‘Okay, so a twelve-kilohertz system?’ He said, ‘I don’t know, I’ll just send you the paperwork.’” That worried her. What if she took the job and wound up on a ship in the middle of an ocean, the only person who understood that she was attempting to do something no one had ever done before? The thought was not encouraging.

4.

Cassie’s favorite way to show people just how little we know about the seafloor is to open the mapping software on her computer and strip the world map down to what we do know about the seafloor. “You can see why this whole mapping thing is important,” she said with a laugh as she showed me the process one day over Zoom. “Because there’s nothing here! This is why. This is the big picture. There is no big picture!” The effect was startling. In an instant, the map went from a rich three-dimensional tapestry of underwater mountains, trenches, and canyons to flat, white nothing. That was especially true in deep waters outside national jurisdiction.

In Cassie’s experience, people are often surprised to learn that we haven’t mapped the ocean already. It’s the twenty-first century, and humanity has done far more impressive things, including landing a robot on Mars and editing human genes. World maps tend to foster the impression that the planet is already charted. When I was a child, I remember running my finger over a spinning globe and feeling the raised bumps that stood in for the Rocky Mountains in North America, the Himalayas in Asia. The ocean, however, was a smooth, blank blue. Back then, it didn’t seem odd that the rough contours of land stopped at the water’s edge. Perhaps I assumed that the smooth surface indicated water? More likely, I didn’t think about it all. But it seems obvious now that the dramatic terrain on land must continue beneath the sea.

It’s not easy for Cassie whenever a stranger asks her what she does for a living. She says, “I have to explain it to people: ‘The ocean is not mapped.’” That is a genuinely confusing statement, because a quick glance at Google Maps seems to contradict it: the ocean appears to be mapped. Except ocean mappers did not make most of those maps; they’ve been predicted by satellites10 circling the Earth, accumulating continuous measurements of the ocean’s surface and gravity’s pull.

The study of the ocean surface is a “reliable kind of phrenology,” writes the science journalist Robert Kunzig, because its dips and bumps hint at what lies on the seafloor.11 With enough measurements, the satellites can pinpoint a permanent dip or bump in the ocean surface, which means that a canyon or seamount is somewhere in the vicinity. Water naturally piles up on top of seamounts and sinks down into canyons, and the sheer mass of all that water changes the gravity. “People are absolutely mind blown when you tell them the surface of the ocean is not the same everywhere,” said Cassie.

If the globe I had as a child had shown the true shape of the planet, it would be one lumpy ball indeed. The first thing that would catch your eye would be the midocean ridge system, an underwater mountain range that runs 40,000 miles around the planet. It is the world’s largest geographic feature, but it is mostly invisible to us, covered by a dense cloak of ocean 2.5 miles deep. In just a few places, the midocean ridge rears up on land, as in Iceland, where it has ripped open valleys and thrust tempestuous volcanoes up toward the sky. The true summits of the sea are not the midocean ridges, but the deep ocean trenches that Victor Vescovo intended to dive: the Mariana Trench in the Pacific Ocean, the Puerto Rico Trench in the Atlantic Ocean, the Java Trench in the Indian Ocean, the Molloy Hole in the Arctic Ocean, and the South Sandwich Trench in the Southern Ocean.

The deepest of the trenches, the Mariana, is just shy of 7 miles deep, dwarfing the tallest mountains on land. Mount Everest, for instance, could fit into the Mariana Trench with a mile to spare. The prairies of the abyss are covered in soft sediment as fine and billowy as dust. The abyssal plains make up more than half the Earth’s surface and far outstrip all the grasslands of the Eurasian Steppe between Hungary and China.12 These muddy plains hold what is known poetically as marine snow but is actually the remnants of trillions of dead plankton drifting down over billions of years. There’s also eroded rock washing off land, like the never-ending deluge of sediment from the Himalayas streaming into the Indus and Ganges Rivers and out into the Indian Ocean. Two extraordinary fans of sediment sweep off both coasts of India, thousands of miles long and 12 miles deep in some places.13 The seafloor is also more seismically active than land, with exploding underwater volcanoes, sizzling hot springs, fracturing and rifting tectonic plates, and shuddering earthquakes.14 The grandest waterfall in the world is not Venezuela’s Angel Falls, at 3,212 feet tall; it’s on the seafloor between Greenland and Iceland, where cold, dense water from the Nordic Seas collides with the lighter, warmer water of the Irminger Sea and plunges over a hidden cataract 11,500 feet down to the seafloor. Everything about the seafloor is bigger, bolder, and more extreme than the comparatively quiet terrain we know as land.

David Sandwell, a geophysicist at the Scripps Institution of Oceanography in La Jolla, California, is one of the pioneers in mapping the seafloor with satellites. You might expect him to boast about his achievements a little, but he is characteristically blunt about the limitations of his work. “I can tell you what the problem is with the satellite [maps] and that we’ll never fix it,” he said. “The mean ocean depth is about four kilometers [2.5 miles], and what we’re measuring in the satellite is the variations in the pull of gravity. That’s the sea surface topography. When you have gravity on the seafloor, it pretty much mimics the actual topography, but as soon as you take [the gravity] from the level of the seafloor up that four kilometers, it gets blurred by physics.” This is called upward continuation, and the length of the blurring is equal to the depth of the seafloor. “We’re never going to get better resolution than four kilometers, which is pretty terrible,” said Sandwell. “We’ll never fix it. It’s physically impossible.”

Over the last twenty years, Sandwell and his collaborator Walter Smith at the National Oceanic and Atmospheric Administration (NOAA) have worked to improve the maps. In 2014, they released a new one that charted the entire global seafloor to a resolution of 6 kilometers (3.75 miles).15 That was a vast improvement on their earlier map, released in 1997, which detailed the seafloor with a resolution of 12 kilometers (7.5 miles). These are still the best, most complete maps we have of the ocean floor, but they lag far behind the maps we have of the moon, Mars, and Venus.16 Entire seamounts disappear inside a resolution of 5 kilometers (3 miles), and the true size and location of features in the satellite-predicted maps can be “hugely off, massively off,” according to Cassie. She has discovered seamounts miles away from where the satellites predicted. The best way to map the seafloor is to send out a survey ship and sound the seafloor piece by piece by piece.*

Sitting there with her, staring at all the uncharted terrain, I realized that it is not a map. Or at least, it’s not what we expect of the maps we see on our phones, with the pinpoint precision of the little blue dot indicating our position. Instead, the best maps we have of the seafloor show us how little we know about the planet. There is so much more down there to explore: blown-out, flattened volcanoes known as guyots, mud volcanoes spewing methane, underwater lakes known as brine pools that are so salty they are lethal to almost every life-form except a few microorganisms that might be analogues to the aliens we seek on distant planets.

Cassie’s reverse map also reveals the history of how we’ve charted the ocean up to this point: secretively, sporadically, often greedily. Traditionally, captains never cared about the seafloor as long as it stayed far enough away from the hulls of their ships. To early navigators, the deep sea was known as simply “off sounding.” Translation: deep enough.17 Our approach hasn’t changed that much today. Border control, fishing, tourism, shipping: for most maritime industries, the shape of deep seafloor is irrelevant, off sounding. The exceptions to this rule are the fiber-optic cable and deep-sea mining industries, as well as the militaries of world powers, which are very interested in underwater terrain, particularly within key strategic areas.

If Cassie Bongiovanni were to join the Five Deeps, she would sound the very limits of the planet. Most mappers fresh out of UNH’s program at CCOM find stable positions working for the government, the navy, or industry, where they might make maps of busy ports and channels. Five Deeps would take her into the blank spots on the map. The expedition could be the biggest adventure of her life. It could also be a total disaster.

Beyond a slick website, Five Deeps didn’t have much to its name. Victor Vescovo was a virtual unknown in the ocean community. The notable names attached to the project provided real-world credibility, but as a team, Five Deeps was untested. And behind the scenes, the expedition was already on the verge of a breakdown. There were legal tussles, power coups, hirings, firings, infighting, million-dollar overruns, a ship trashed by disgruntled workers, and a near impaling by a flying hook.18

In the summer of 2018, months before Rob McCallum reached out to Cassie Bongiovanni, the expedition had intended to set sail for the Arctic Ocean without a mapper on board. The scientists, as well as McCallum and Lahey, were pressing Victor to hire one and install a multibeam sonar on his new ship, Pressure Drop. Financially, that was a big ask. The ship had just gone through a refit that had been budgeted at $2.5 million and eventually topped out at more than $12 million.19 During the refit, a worker claimed to have fallen through an open hatch and settled with Victor for a damage award in the high six figures. Now the team was asking Victor to sink another million or more into a multibeam sonar, plus the cost of hiring an ocean mapper. Victor was wealthy, for sure, but not a Jeff Bezos–level billionaire with unlimited resources or even a James Cameron, who claims to direct some of the most profitable movies of all time in order to fund his deep-sea-diving habit.20

“I sold it to Victor as ‘You don’t want to spend all this money, frankly, and go ’round the world, diving arbitrary points where somebody could come ’round in the coming years who has surveyed these places properly and [say], ‘You’ve dived in the wrong place,’” said Heather Stewart. According to Stewart, anything less than a multibeam system would raise doubts about the legitimacy of Victor’s world record. That’s the system that everyone in the ocean-mapping world, from the military to the government to scientists, uses and trusts today.

Eventually, Stewart and the others managed to win Victor over. “He’s very goal driven. And he doesn’t like to be beaten,” Stewart explained. She advised Five Deeps to purchase an EM 122, produced by the Norwegian marine tech company Kongsberg Maritime. “They’re tried, tested, that will get the job done for you,” she remembered saying. Not long after, she received an email saying that Five Deeps had purchased an EM 124. That was odd. “There is no EM 124,” she thought. She reached out to her contacts at Kongsberg, who said there was indeed an EM 124, but it was not yet on the market, nor had it been mounted on a ship before. For Stewart, that immediately set off alarm bells. “I was like, ‘You never buy the first one. What have you done?’” The EM 124 they purchased even came stamped with the serial number 0001. That might sound impressive, but in reality it was an absolute nightmare because “no one else in the world is finding bugs except for you,” explained Cassie. She compared it to buying the very first model of a brand-new iPhone with the absolute latest operating system that no one else had installed.

By that time, Five Deeps had missed the summer weather window to dive the first deep in the Arctic Ocean. In order to make the transit among five ocean trenches in a single year, the expedition would have to pivot around two narrow weather windows at the planet’s poles: a January-to-February summer in the Southern Ocean and a July-to-August summer in the Arctic Ocean. But it wasn’t the multibeam sonar that caused the delay; it was the submersible from Triton Submarines. The small but scrappy Florida company had made a name for itself building submersibles for clients such as Ray Dalio and his OceanX organization, which had filmed some of the most compelling moments of the BBC’s Blue Planet II series.21

At the beginning of summer 2018, Five Deeps’ chief scientist, Alan Jamieson, flew out to the Triton workshop in Vero Beach to see how the build was coming along. “It was amazing ’cause I walked in the hangar of Triton Subs, expecting to see the submarine, and all there was was a titanium ball,” he said with a laugh. He had planned to stay two weeks but ended up staying in Florida most of the summer, watching as the Triton team worked insane hours in the swampy heat of the un-air-conditioned hangar. Triton CEO Patrick Lahey, a chipper, relentlessly optimistic Canadian, oversaw the build and held out hope that Five Deeps might make the Arctic weather window until the very end of the summer. It all hinged on a series of test dives in the Bahamas that had to go absolutely perfectly.

On one test dive, Victor flicked on the power for the sub’s manipulator arm and a wisp of smoke curled through the cabin. “Do you smell that?” he asked Lahey. “Yes,” Lahey responded. Then both men reflexively reached for their scuba regulators, which would give them about a two-minute supply of clean air. They also had a backup supply on board, known as a self-contained breathing apparatus (SCBA), which miners use to survive collapsing seams inside the earth. A fire is a particularly nightmarish scenario underwater, where oxygen is in high demand. The passengers on board the submersible need oxygen to breathe, but the oxygen also feeds the flames inside the tightly enclosed cabin. The smoke inside the submersible cleared not long afterward. It was a false alarm, triggered by a power surge when Victor had gone to use the manipulator arm, but Victor and Lahey had already aborted the dive. Four years earlier, the caved-in dome on Richard Branson’s submersible had ended his quest. Triton’s titanium construction was sturdier, but the cost overruns and technical glitches were threatening to swamp Five Deeps.22

“The sub guys just wanted this damn thing fixed. The expedition guys were trying to herd cats. Victor was like, ‘Why isn’t this [submersible] ready yet?’ not really appreciating the magnitude of what we’re trying to build,” explained Jamieson. The flaws were all non-life-threatening things such as gonzo alarms on the control board or a surging power supply, but they could still abort a dive at the bottom of the ocean.

By the end of the summer, everyone involved was forced to admit that Five Deeps would not make it to the Arctic in time for the dive. McCallum changed the itinerary, moving the Atlantic Ocean’s Puerto Rico Trench to first place; the Southern Ocean slipped into second place, and the Arctic Ocean would come last, in late summer 2019. The four-month delay had cost Victor an estimated $2 million more in crew pay and related expenses. But without a working sub, there was no Five Deeps. There were no science or mapping missions, either. That fall, the EM 124 multibeam sonar would be installed on Pressure Drop in Curaçao, a Dutch territory in the Caribbean. Then Five Deeps would set off for a series of final test dives, followed by the first dive in the Puerto Rico Trench, the Atlantic Ocean’s deepest point. The fate of the expedition rested on an unproven sub, an unproven team, and an unproven sonar pulling off a dive before the end of 2018—and before Victor’s patience and pocketbook wore out.

A few weeks before Christmas, Cassie Bongiovanni touched down in Curaçao as scheduled: the new ocean mapper for Five Deeps reporting for duty.




Chapter 2

Looking for a Ship

1.

In my interviews with Cassie Bongiovanni, my mind kept snagging on a few key concepts in ocean mapping. Like, how much seafloor is left to map? And why is it so difficult to measure the deepest depth of the ocean?

A quick search online tells me that the surface area of the global ocean covers 139.7 million square miles (362 million square kilometers), or 71 percent of the planet’s surface.1 But what does 139.7 million square miles feel and look like in human terms? There is literally no other space on Earth as big as the global seafloor. That means there is no terrestrial comparison to draw on, such as the height of the Eiffel Tower or the length of Manhattan. Perhaps that’s why we stretch for the stars and compare the seafloor to outer space. Perhaps it’s why we say things such as “We know more about the surface of the moon than we do the bottom of the planet.”

Alan Jamieson absolutely loathes that sentence. One of the main reasons for his vitriol is that it’s not that impressive to say we know more about a small, dry, lifeless moon than we do about our own big, watery, lively planet. The moon is tiny compared to Earth, at about 7.5 percent its size. The North Atlantic alone accounts for more surface area than the entire moon. Even the width of Australia is girthier than the moon’s rather slim waistline.2 In 2019, Seabed 2030 announced that its newest map of the world’s seafloor, known as the “global grid,” now covered 15 percent of the ocean at the desired resolution.3 That means we’ve already mapped nearly one-and-a-half moons’ worth of seafloor. “That’s pretty good, like why are we hitting ourselves over this?” Jamieson ranted on The Deep-Sea Podcast. A journalist even quoted Jamieson as saying the statement in an article. Jamieson, of course, emailed the journalist to clarify that he had never, would never say such a thing and remembered the journalist’s response as being “Well, that’s what people say. We’re going to put it in. This is what people want to hear.” The sentence irked him so much that he published an entire paper tracking it down to an academic paper written in the 1950s, when humanity had visited neither the moon nor the deep sea.4

In order to understand the enormity of the job facing Seabed 2030, it would be more accurate to say that we’ll be mapping eight more moons’ worth of seafloor by area over the coming decade. And even that comparison doesn’t truly do the job justice. The majority of Earth’s surface is covered by an average of 2.5 miles of opaque salt water. Water absorbs, refracts, and reflects light, blocking our attempts to map it with lasers and radar, the way we have Mars, Venus, and every other planet without a watery surface. It feels powerful and truthful to compare the ocean and outer space. But when it comes to mapping faraway planets, comparing the seafloor with the moon actually undersells the task at hand.

How much ocean is left to map? To answer that question, I called up Tim Kearns, a fast-talking Canadian mapper who runs a nonprofit organization, Map the Gaps, devoted to finishing the world map of the seafloor. Kearns immediately brought up the multilateral search for the missing Malaysia Airlines flight 370, which had created the first detailed maps of a 107,722-square-mile stretch of the poorly mapped southeastern Indian Ocean.5

“I saw the data set, and it was wild. It was absolutely beautiful,” Kearns said. The new maps revealed seamounts, submarine landslides, and seafloor fractures, as well as two shipwrecks from the nineteenth century. “[The mappers] were out there for a phenomenal amount of time, they collected a phenomenal amount of data, but if you were to plot that on a [world] map, it would be like taking a matchbox and putting it on the floor of your kitchen. It was nothing! I’m not trying to disparage it. It was just ‘Holy crap, the oceans are really, really big.’”

Though we have been attempting to map the ocean for thousands of years,6 tragedies at sea, such as the missing Malaysia Airlines flight 370, jolt us into action. The disappearance of Amelia Earhart, the sinking of the Titanic, the Indian Ocean tsunami of 2004, which killed a quarter-million people—those macabre events each triggered a surge in studying the seafloor. The surge also comes with a little soul-searching as to why we direct so much money and attention toward exploring distant moons when our own planet is so poorly understood. The National Oceanic and Atmospheric Administration has been surveying the United States’ coastlines for more than two hundred years, but NOAA didn’t have a department dedicated to ocean exploration until 2001. NOAA’s budget, which includes funding for ocean mapping, is about a fifth of what is spent on exploring outer space. NASA’s generous budget rises each year, while government support for ocean research has either declined or plateaued. In 2021, NOAA’s budget totaled $5.4 billion, a 1.4 percent increase over the past year.7 In comparison, NASA’s 2021 budget reached $25.2 billion, an increase of 12 percent over the year prior.8 Suddenly, in tragedy, we grasp just how small and vulnerable we are on this big planet we know so little about. But historically, our interest in the deep sea tends to fade, and we move on to other pursuits.

Another concept I kept snagging on in my conversations with Cassie: Why do ocean mappers struggle to measure what seems like a very finite thing, the bottom of the seafloor? Even with the best multibeam sonars and mappers, the depth measurements of the deep sea often come with a significant margin of error, as much as fifty feet in both directions.

“That is my biggest frustration,” Cassie said with a sigh when I asked her that question. “I have explained it until I don’t even have words anymore. It’s the uncertainty of where our technology is now. I cannot discern with one hundred percent certainty that this one-meter spot [on the seafloor] right here is deeper than that two-meter spot right next to it. I just can’t. We are not able to have that kind of resolution in these deep waters with our current technology. Impossible.”

“Right, right,” I said. “Of course.” And then a moment later: “But, like, why can’t we know that?” And Cassie, God bless her, launched into yet another explanation: “I equate it to taking a laser pointer and, say, if you’re standing at the bottom of Everest at sea level, pointing a laser pointer to the top and expecting it to be within a centimeter accurate, that’s what you’re asking me to do.” That would be tough, I agreed.

By now it had become obvious that I would need to go to sea myself if I were ever to understand just how big the ocean truly is and how hard it is to map the seafloor. Because the ocean is mapped through sound, the seafloor is “heard” rather than seen. But I’m still human. I have to see something to believe it.

2.

Many of the ships surveying the seafloor today are run either by the military or by industry. Neither would have much interest in allowing a nosy journalist like me on board, who would ask all kinds of inconvenient questions about what they were mapping on the seafloor and why. That left a handful of research ships, run by the federal government, universities, and a few philanthropic and nonprofit organizations. The option nearest to my house was a fifteen-minute drive on the I-5 to San Diego Harbor, where the Scripps Institution of Oceanography tied up its fleet of research ships. There was also NOAA’s fleet of research and survey vessels, that of the Woods Hole Oceanographic Institution (WHOI) in Massachusetts, and the Schmidt Ocean Institute and its exploration vessel, Falkor.

And so began the grunt work of sending emails, phoning scientists, and asking for a berth on a mapping cruise. At nearly any other point over the last twenty years, that would have been relatively easy. Scientists, like writers, are generally happy to tell you all about their work. During the height of the COVID-19 pandemic, however, that became almost impossible to do in person. The US fleet of research vessels had adopted strict protocols for keeping the disease off its ships. As we learned from the COVID-19 outbreaks on cruise ships in the early days of the pandemic, viruses spread extremely well on ships. With its tight hallways, handrails touched by everyone on board, and big enclosed dining halls, a ship is an incubator of illness. In response, US research vessels cut their ship staff down to the bare minimum of people needed to operate the vessel and conduct experiments. With so many researchers desperate to gather data, there was not a single berth to spare. “In any other year, I’d be happy to take you, but . . . ,” began many apologetic responses from researchers otherwise eager to help me.

An expedition leader with the Ocean Exploration Trust (OET) told me much the same. OET operates the exploration vessel Nautilus, which broadcasts all its on-board science via a YouTube channel. During the summer of 2020, it surveyed along the Pacific Coast of North America, filling in maps in the gaps of the United States’ Exclusive Economic Zone (EEZ). Every coastal nation controls the 12 nautical miles directly offshore, but it also has the exclusive right to the maritime resources in its EEZ—a vast marine territory that extends another 200 nautical miles offshore. The United States’ EEZ is over 3 million square miles, a surface area greater than that of all fifty states combined.9 The majority of it is still uncharted.

Over the coming months, as I tried and failed to find a ship to take me to sea, I watched the E/V Nautilus live feed avidly. The crew surveyed a canyon that supported a rich marine ecosystem that the government was considering listing for national protection status. The ship returned to a bubbling plume of methane seeps to understand the chemosynthetic communities that thrive there. The crew scoured the seafloor for fragments of a fallen meteorite and investigated the carcass of a dead whale and the scavenging community that had grown up around it.

Watching Nautilus explore online was helpful, but it was not quite close enough. At times, I wanted to sit down beside the ocean mapper and experience it all myself. I kept emailing and calling other organizations and researchers, kept watching E/V Nautilus prowl along the West Coast, and waited for the global pandemic to subside. A year later, just as I was starting to despair that I might never get an inside look at mapping the seafloor, the expedition leader aboard Nautilus called me back. She had an empty berth on a mapping expedition that would be leaving in just over a month. Did I want it? Yes, I said. Eagerly.

3.

Something shuddered beneath my sleeping body, waking me with a start. “Where am I?” I wondered aloud, looking around at the unfamiliar room. I was in a single bed, the ceiling about a foot from my raised head, curtains hemming me on three sides. “Riiight,” I remembered, flopping back onto the bunk bed. I had fallen asleep on Nautilus the previous night; now, at 6:00 a.m., the ship was pulling away from the Port of Los Angeles, right on schedule. Another shudder rose from the engine room deep inside the ship, rattling my berth once again.

The previous afternoon, right after boarding, the expedition leader, Nicole Raineault, had given me a tour around Nautilus. The 68.23-meter (224-foot) vessel is almost identical to Victor Vescovo’s DSSV Pressure Drop: they’re similar in size, carry a similar number of crew, have the same steel A-frame on the stern used for plopping scientific toys into the ocean. Both have a Kongsberg multibeam mapping system installed. On the top deck of both ships, the superstructures are studded with radar and satellite hardware, identifying them as research vessels.

As Raineault took me through a wet lab, a production studio, a mapping room, a hangar, a workshop, and onto the bridge, where the captain piloted the ship, I felt as if I’d suddenly dropped into my all-time favorite movie, The Life Aquatic with Steve Zissou. Specifically, into the scene where Zissou, played by Bill Murray, shows the audience his ship, Belafonte, in a cross-section cutaway. “Do you ever feel like you’re in Life Aquatic?” I asked Raineault cautiously. She laughed immediately. “It’s almost too close to real life,” she replied. It didn’t take long to figure out who Raineault was on board: Eleanor, Steve Zissou’s wife, played by Anjelica Huston, who keeps the whole operation afloat.

Down in the data lab, Raineault introduced me to the three mappers who would be on our weeklong cruise to Oregon. The ship would thread through a notoriously rough patch of water off the coast of California, where the crew often struggled to survey the seafloor. Trading off eight-hour shifts, the mappers would oversee Nautilus’s EM 302 multibeam sonar.* The EM 302 is considerably older than the EM 124 aboard Pressure Drop, but it still cost a million dollars when it was installed back in late 2012.* Over its tenure, the EM 302 on Nautilus has mapped more than 870,000 square kilometers
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