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Introduction


When we think of the ocean, perhaps we imagine turquoise waters lapping on a pale sandy shore somewhere in the tropics, with dolphins sporting through the dappling waves offshore. And if we think of the deep ocean, maybe we imagine a mysterious place cloaked in darkness and crushing pressures, inhabited by monstrous squid and strange species resembling creatures from science fiction.


It is all of those things, and much more. 


The ocean gives our world its ‘blue planet’ appearance from space, yet if the Earth were the size of a football, all of the water in the ocean would only be as thin as a sheet of paper wrapped over its surface. The area and depth of the ocean is vast compared with the scale of an individual human, but our collective activities as a species are affecting its furthest recesses. Most of the species living in the ocean lack backbones, unlike its iconic whales, dolphins, sharks and turtles, and we are still discovering new species of animals in the deep right now.


I have spent most of my career trying to grasp the reality of our blue planet, as an ‘ocean explorer’, and I hope to share some of that reality with you in this book. But ‘ocean explorer’ is not a job that I saw advertised somewhere and applied for; it’s a generous description for the overall direction of a wandering path. So by way of an introduction, I’ll try to answer a question that I am sometimes asked: ‘how do you become an ocean explorer?’. The short answer is ‘by becoming a scientist’, and perhaps that path begins sooner than we realise. I think we’re all born scientists, with a natural curiosity about our world, and sometimes experiences or elements around us feed that further.


I learned to swim late, at about age eight, because I was scared of the water. I didn’t like the feeling of being out of my depth without a float, and I didn’t like the idea of what might be lurking out-of-sight underwater. But what changed that for me was trying on a diver’s face-mask and being able to peer into a startling clear volume beneath the surface. Having learned to swim, I was then less interested in perfecting strokes to travel quickly at the surface, and much more interested in swimming along the bottom of the pool, spending as long as I could submerged. I had my first try-out session of scuba diving as a young teenager, taught by a former oil rig diver, and loved the three-dimensional freedom of it, being able to rise and sink just by breathing in and out, and moving through a liquid space so different from our everyday world.


Meanwhile, I grew up fascinated by animals, surrounded by a menagerie of family pets, and inspired by TV wildlife documentaries. A local stream and ponds provided my first opportunity to explore underwater life, with a dipping net and a jam-jar. Mosquito larvae in particular caught my imagination, living underwater and breathing through a tube at the tip of their tail, with bodies so different to the familiar adult insect. Occasionally I’d come across a dragonfly nymph too and be in awe of its telescopic jaws – an amazing underwater hunter, which would be terrifying to us if we were the same size as its prey. The notion that there could be equally weird and wonderful species still waiting to be discovered out there perhaps lodged somewhere at that point.


For many years while growing up I wanted to become a veterinary surgeon, but eventually I realised that I was more interested in what animals do, rather than learning to treat them for illness or injury. After some teenage vacillations, I applied to read zoology at university, which included some marine biology but also covered life on land. One day I was wandering through the university library when I saw a book on a shelf with a picture of some odd-looking underwater animals on its cover: a cluster of red-plumed wormish creatures, living in stark white tubes somewhere in the dark of the deep ocean. Despite being halfway through a zoology degree, I couldn’t put a name to those animals, not even to the broad category of animal life to which they might belong. So I fetched down the volume, which turned out to be a collection of research papers about newly discovered life at hot springs on the ocean floor, known as hydrothermal vents.


Reading through it was a revelation. At school, I had been taught that all life depended on the sun as an ultimate source of energy: plants use sunlight to grow, and in turn provide food for herbivores, which are themselves eaten by carnivores, and so on. But the life around these deep-sea hydrothermal vents is sustained by chemical energy: minerals in the hot fluids gushing out of the ocean floor nourish microbes, which in turn provide food for the animals, including the worm-like creatures that caught my eye. None of this had been mentioned in my lecture classes, because this deep-sea discovery was so new, and yet it rewrote the rules of the textbooks. 


From that point on, deep-sea hydrothermal vents became an obsession for me, and whenever I could twist the title of an assignment to find out more about them, I did. At the end of my degree, my tutor advised me not to pursue a PhD – the equivalent of an apprenticeship in science, through which you become an independent investigator – unless it was to carry out research on something that captivated me utterly, for which I would be prepared to give blood, sweat and tears. Out of all the subjects I had touched on in my degree, only one fitted the bill: those deep-sea hydrothermal vents. But at the time, there were no biologists in the UK exploring them.


I kicked my heels for a while, working to earn money for further study, and then took a Master’s degree in oceanography, which enabled me to specialise in marine biology and introduced me to the physics, chemistry and geology of the oceans – a programme of classes that I enjoyed thoroughly, and have since enjoyed teaching years later. During my master’s at the University of Southampton, my tutor, Dr Paul Tyler, obtained the first research grant in the UK to investigate the biology of deep-sea hydrothermal vents, with funding for a research assistant who would be able to undertake some of the work for a PhD. That was me, and five years after blundering across deep-sea hydrothermal vents in a library, I ended up aboard a Russian research ship heading out to explore them in the Atlantic, and a year after that I was visiting them in a US Navy mini-submarine at the bottom of the Pacific.


With hindsight we can link events to make seemingly tidy narratives, but in reality, the path that we follow involves some things that happen by chance. If I hadn’t been in the right place at the right time for a project investigating hydrothermal vents, I might have done something else with my life. My work since my PhD has occasionally meandered away from ocean exploration, in between the temporary positions and bouts of research funding that chart a scientific career; I’ve also been a science journalist and co-founded a company that trains scientists in how to communicate their work beyond their specialist colleagues. But always, there’s the pull of the unknown embodied in the deep ocean – and always just one more project or expedition to propose, to reach the next unexplored vista.


Over the past twenty-five years, my research has explored places such as hydrothermal vents in the Atlantic, Pacific, Indian and Southern Oceans; the seafloor earthquake zone that triggered the Boxing Day tsunami of 2004; hotspots of deep-sea life in the Gulf of Mexico; and underwater mountains around Antarctica. I have lived aboard research ships of different nations, working at sea with colleagues whose backgrounds range from geophysics to engineering. Together we have seen previously hidden parts of our planet, and encountered species that no-one had seen before, figuring out the puzzles of how they thrive in the deep ocean.


The biggest change that I have noticed during the past quarter-century has been the motivations for our voyages. When I started out, deep-sea biology was largely a branch of ‘pure’ research, with a goal of obtaining new knowledge about our world. But the work has become much more ‘applied’, motivated by the need to understand the impacts that our lives are having on the world, even in its deep oceans. I now spend more of my time trying to communicate with politicians and policy-makers about what we are finding, to help them make more informed decisions about activities that affect the deep ocean. In recent years I have also worked with TV, radio, and online documentary-makers to share the exploration of the deep ocean with people worldwide, and interacted with news media to raise awareness of deep-sea issues and my team’s discoveries. It’s no longer enough just to publish our findings for colleagues to digest in scientific journals, though of course we still do that so that our conclusions are thoroughly checked by other scientists. The deep ocean covers most of our world, and that’s too important to be left just to scientists and professional policy-makers: I’d like more of us to be aware of how our own lives are connected to the hidden half of our planet.


That’s why I have written this book: what we now know about the deep ocean is as astonishing as the unknown that remains, and we all need to be involved in the choices for its future. But everything we know and don’t yet know about the deep ocean cannot possibly fit into a volume like this one, so this book is really just a dipping net and a jam-jar, and I hope that the inevitably eclectic collection in these pages rekindles some of the childhood curiosity of exploring with those tools. To me, the real wealth of the deep ocean isn’t in the mineral deposits being chased by seafloor miners, or even the spin-off benefits of new materials and medical treatments that come from studying the species that live down there. It’s the capacity of this frontier to renew our sense of wonder about the world around us, allowing us to see it again as if for the first time.
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How deep are the oceans and how do we explore them?


In December 1968, astronauts aboard Apollo 8 on the way to orbit the Moon became the first people to take photographs of the entire globe of the Earth from space. The expanse of blue in those pictures, interrupted by swirling clouds and the occasional continent, vividly conveys how the oceans cover 71 per cent of our planet. But what those pictures cannot illustrate is just how deep those oceans are. In 1521 the explorer Ferdinand Magellan declared the ocean to be ‘immeasurably deep’ when he reputedly lowered a cannonball on 700 metres of rope beneath his ship in the Pacific and it showed no signs of touching the seabed. But we now know that the deepest point in the oceans is the ‘Challenger Deep’ in the Mariana Trench of the Pacific, at around 10,916 metres (more than six and three-quarter miles) beneath the waves. That’s deep enough to fit Mount Everest above it and still have more than two kilometres (nearly a mile and a quarter) to spare before reaching the surface.


 


Not all of the ocean is that deep, of course. To grasp that reality about our ocean planet, we can draw a ‘hypsographic curve’, which shows the percentages of the Earth’s surface at different depths and altitudes relative to sea level. From that, we can see that the dizzying trenches, where the sea floor drops to more than six kilometres deep, are the exception rather than the rule. But shallow seas that fringe the land – the ‘continental shelves’ that are usually less than 200 metres deep – don’t add up to much globally either. The average depth of the oceans is around 3.4 kilometres, and half of our planet is covered by water more than 3.2 kilometres (two miles) deep. Because the sun’s rays only penetrate the top kilometre of the clearest seawater before they are quenched by it, the blue appearance of our world from space is just the reflection from that thin veneer of surface ocean. Most of the solid surface of our planet is ocean floor cloaked in darkness, beyond the reach of sunlight. So our ‘blue marble’ is really a dark, deep-ocean world.


 


[image: ]


 


If we look at events such as the first human colonisation of Australia, we can see that our ancestors began crossing the oceans more than 40,000 years ago. But for almost all of history, what lies deep beneath their surface has remained unknown. We developed the technology to chart the ocean depths less than two centuries ago, and vehicles to withstand the crushing pressures of the abyss less than a century ago. That makes the twenty-first century a great time to be an ocean explorer, because the hidden face ofc our planet is now within our reach, and starting to give up its secrets.


 


Right now we have more detailed maps of the surfaces of the Moon and Mars than we do of the deep ocean floor. Because the surfaces of our celestial neighbours aren’t covered by seawater, spacecraft can use radar to map them in detail from orbit. But seawater blocks the radio waves used by radar, so we can’t bounce those signals off the ocean floor to map its terrain in the same way. With no seawater in the way, NASA’s Mars Odyssey spacecraft has mapped the entire Martian surface to around a 100-metre level of detail, revealing any features such as craters or canyons that are larger than that size. At least 60 per cent of the Red Planet has also been mapped to a 20-metre level of detail by the European Space Agency’s Mars Express mission, and China’s Chang’e 2 orbiter has mapped the surface of the Moon to a seven-metre level of detail. Meanwhile, the total area of the ocean floor that has been mapped so far to a 100-metre level of detail, using sonar from ships instead of radar from satellites, is about 15 per cent.


But having a more detailed map doesn’t mean that we ‘know more about’ the Moon and Mars. The total amount of rock that has been analysed from the Moon to understand its geology is just over half a tonne, and the amount of rock analysed by rovers on Mars – and from very rare chunks of Mars that have tumbled to Earth as meteorites – is even less. Many thousands of times more samples and huge volumes of other data have been collected and analysed from the deep ocean to understand what’s going on down there, from the processes that shape the ocean floor to the environmental conditions and patterns of life in deep waters. So despite lagging behind in the detail of our maps, we really know far more about the deep ocean than we do about other planetary bodies in the solar system. There’s still a great deal to explore and discover in the oceans, of course – but what we now know about their depths is as astounding as the unknown that remains.


 


There are two fundamental steps in exploring the deep ocean, and the first is to make a map of whatever you want to understand. That might be a map of the features of the seabed in a particular area: for example, if you want to understand the geological processes that shape the ocean floor. But it could also be a map of anything else, such as the temperature of deep waters across a region, if that’s what you’re interested in exploring. And it could be a map of how something changes over time, so perhaps the more accurate term for this is really the ‘mapping and monitoring’ step.


Traditionally, this step involves heading out to sea with a research ship and using its equipment to measure whatever you’re interested in for your map, such as the depth of the ocean in different locations. But satellites can also help us to measure some things, even if they can’t peer directly to the bottom of the sea from space. And we now have ‘autonomous vehicles’ to help us, which are not connected to a ship or remote controlled at all. We’re starting to be able to send those autonomous vehicles out instead of ships, to make measurements along pre-programmed survey routes, or even just drift around in the ocean collecting data.


The maps that we make show us where there are things that we don’t yet understand, such as a rift valley in the sea floor that no one can explain, or a mysterious patch of slightly warmer water in the otherwise chilly depths. So the ‘make a map’ stage really detects anomalies, where there are things happening that challenge our current understanding of how the oceans work.


The second step in ocean exploration is to ‘investigate the anomalies’ revealed by our maps. Sometimes we might be able to investigate anomalies using the measurements that make up our new map: for example we can use them to improve computer simulations of how the ocean works. But typically the ‘investigate the anomalies’ step requires getting out there to study the anomalies in more detail, often close-up. That may involve using equipment aboard a research ship to collect samples or other data from the depths, or sending down deep-diving vehicles to work at the ocean floor.


 


We now have three types of underwater vehicles for working in the deep ocean, far beyond the reach of scuba-divers. First there are ‘Human-Occupied Vehicles’, which have the acronym ‘HOVs’: these are mini-submarines that can carry people into the deep ocean. In an HOV, we are not attached to the ship but are free to explore the depths on our own. During a dive we can decide exactly where to make measurements on the basis of what we are seeing, or exactly what to pick up with the craft’s mechanical arms, to test our ideas about what’s going on. The strong hull of the craft protects us from the pressure of the ocean outside, so we stay at normal surface conditions inside and avoid the complications of having to decompress like deep scuba-divers.


But building a craft that protects people from the crushing pressures of the abyss is expensive. So we also have ‘Remotely Operated Vehicles’, known as ROVs, which we control from a ship above via a cable, allowing us to send our minds, if not our bodies, into the deep ocean. ROVs transmit live video via their cable to a control centre aboard the ship, so their cameras become our eyes, and we can operate their manipulator arms to make measurements and collect samples just as if we were down there in a mini-submarine.


 


Human-Occupied and Remotely Operated Vehicles are both human-directed vehicles, and because they are under our direct control, they are great for the ‘investigate the anomalies’ step of ocean exploration. During this step, we test the ideas that we have about what might be going on – the possible explanations for the anomalies. For this, we typically need to collect very specific samples or data, and often develop our ideas further as we go along. And sometimes the missing puzzle piece that we need may be something unexpected that we come across by accident during our investigation. So we need to be directly involved, making decisions on the basis of what we’re finding; we can’t yet make a robot explorer that has the curiosity and creativity to replace us completely in making sense of the unknown.


At a 1956 meeting of US scientists to discuss technology to explore the deep, Allyn Vine of Woods Hole Oceanographic Institution, who subsequently led the creation of one of the most famous Human-Occupied Vehicles for science, said: ‘I believe firmly that a good instrument can measure almost anything better than a person can if you know what you want to measure . . . But people are so versatile, they can sense things to be done and can investigate problems. I find it difficult to imagine what kind of instrument should have been put on the Beagle instead of Charles Darwin.’


As a third type of underwater vehicle, we have ‘Autonomous Underwater Vehicles’, which have the acronym ‘AUVs’. These are not attached to a ship like a ROV, and not under our direct control; instead, we send them out on pre-programmed missions to collect data for us, which is great for the ‘make a map’ step and can sometimes help with the ‘investigate the anomalies’ step as well. We can leave them unattended to undertake their missions, freeing up research ships to carry out tasks with other equipment and enabling us to use our ‘human-directed’ technology more efficiently. Some AUVs can even be launched from shore, for missions lasting a month or more, swimming out to their survey areas without any ship required. One of their main limitations is battery power: unlike ROVs that are connected to a ship and draw power from it, AUVs typically carry their power with them in batteries, and their sensors and instruments use power every time they make a measurement. So for very long missions underwater, they can only use low-power sensors, which are adequate, for example, for measuring the temperature and salinity of the ocean; but if we wanted an AUV to use lights and cameras to film the ocean floor, this would deplete its batteries much more quickly, shortening the range of its missions.


 


Together, these three types of vehicles allow us to work routinely in the deep, and they are being used every day by research ships around the world as we gradually discover more about our oceans. But technology alone isn’t enough to explore the ocean: it also needs diverse teams of people. For example, there are engineers, who design, build and maintain the equipment that we use, and our research ships don’t go anywhere without a crew of professional mariners to run them, along with an organisation ashore to manage their logistics. We need scientists with different specialisms to interpret measurements and analyse samples, and computer experts to handle the vast volumes of different types of data now typically generated by an ocean expedition. Working together with such diverse teams – and helping them to work together effectively, if you are leading an expedition – is also one of the best parts of being an ocean explorer, right up there with seeing things that no one has ever seen before.


Today there is no longer a lack of technological capability holding us back in exploring the oceans: we can reach the greatest depths, if we can find the will to go there. And for reasons to explore the deep ocean, there’s perhaps no finer summary than the words of John Steinbeck, in his 1966 letter to Popular Science magazine calling for the creation of an ‘undersea NASA’:


 


There is something for everyone in the sea – incredible beauty for the artist, the excitement and danger of exploration for the brave and restless, an open door for the ingenuity and inquisitiveness of the clever, a new world for the bored, food for the hungry, and incalculable material wealth for the acquisitive – and all of these in addition to the pure clean wonder of increasing knowledge.1


[image: ]










2


How do we map the oceans?


We can think of maps of coastlines as being the first ocean maps; they at least show the boundaries of the seas, even if they don’t show features such as ocean currents or the depths of the ocean floor. Hecataeus of Miletus produced a map of the world that was known to the ancient Greeks, two and a half thousand years ago, improving on an even earlier but since-lost map by Anaximander. The Mediterranean of Hecataeus’ map is recognisable to us in the shape of its coastlines and the locations of major islands. Fast-forward to the sixteenth century and we have beautiful works such as Abraham Ortelius’s world map of 1564. On these maps the outlines of many of the continents look familiar, but the oceans themselves are blank in terms of any features such as currents or the undulations of the deep sea floor.


To start making a map of anything in the ocean, first you need to know where you are, which can be tricky for a ship out of sight of the shore, surrounded by nothing but the shifting skin of the sea. So the first maps of the ocean floor had to wait for some improvements in the technology for determining a ship’s position at sea. Describing your position on the surface of the globe involves two coordinates: latitude, which measures degrees north or south of the equator, and longitude, which measures degrees east or west of a line running from pole to pole. Today we can get those two coordinates instantly from a Global Positioning System device that receives signals from satellites in orbit, but it used to take rather more effort.


Of the two coordinates, latitude is traditionally the easier one to measure – we can do it by, for example, the angle of the sun in the sky at noon, or the angle of the North Star in the sky at night if you are in the northern hemisphere – and mariners have used and refined those techniques over centuries. But longitude used to be more tricky to measure accurately. The principle sounds easy enough: keep a clock running with the time where you set out from, and note the time when the sun is highest in the sky wherever you are. The difference between that ‘local noon’ and twelve o’clock midday where you started will tell you how far east or west you have travelled. The problem was having a clock that keeps time accurately for months at sea, in damp conditions aboard a rocking vessel. An error of a few minutes could mean an error of several kilometres when estimating a position, which could make the difference, in the middle of a very large ocean, between arriving within sight of a tiny island and missing it, or finding a safe passage rather than being wrecked on rocky shoals.


In 1714, the British government established a competition to develop better technology for determining longitude, and. John Harrison was eventually awarded prizes for his increasingly accurate marine chronometers. Captain James Cook took a copy of one of Harrison’s chronometers on his second voyage exploring the Pacific and Southern Ocean from 1772 to 1775, and he praised its performance. Such equipment by the start of the nineteenth century had become standard for ship navigation, allowing the first ‘oceanographers’ to start making more accurate maps of the ocean and its features using measurements taken in different locations.


One of the first maps of a feature in the ocean was published by Benjamin Franklin in the early 1770s, and it shows the Gulf Stream – a strong current of warmer surface water that sweeps north and east from Florida to Nova Scotia in the Atlantic. As deputy postmaster general of British North America, and later the first Postmaster General of the United States, Franklin became aware that supposedly fast ‘packet’ ships bringing mail from the south-western tip of England to New York took two weeks longer to arrive than merchant ships travelling from London to Rhode Island, even though the latter journey involved a greater distance.


Franklin consulted his cousin Timothy Folger, a merchant ship captain who had also sailed as a Nantucket whaler. Folger suggested that British captains of mail packet ships were not aware of the Gulf Stream and sailed against its current, which slowed them down. But American sailors knew about the current, thanks to the experience of their whalers in the area, and they kept outside it, which allowed them to make quicker westward journeys. Folger even recalled hailing westbound British mail ships in the Gulf Stream, to advise them that they would make better progress if they moved out of the current, but he reported that ‘they were too wise to be counselled by simple American fisherman’.2 Franklin asked Folger to sketch the boundaries of the Gulf Stream, and then had copies of the map printed for British mail ship captains, who unfortunately still chose to ignore it. But the map, which Franklin later reproduced in the Transactions of the American Philosophical Society in 1786, is remarkably accurate in its depiction of the boundaries of the Gulf Stream; we can see the same boundaries in satellite measurements of ocean surface temperatures today.


 


With more reliable technology for knowing their location, the early oceanographers of the nineteenth century started mapping the contours of the sea floor far below. To measure the depth of the ocean, mariners dropped weighted lines from their ships, judging when the weight hit the seabed from changes in the rate at which the line unreeled, and recording the length of line paid out as the depth at that location. On 3 January 1840, for example, James Clark Ross on his way to the Antarctic used this technique to measure an ocean floor depth of more than four kilometres, setting a record for the time.


The first maps showing the hidden landscape of the ocean floor therefore began to emerge in the mid-nineteenth century, and included those made by Matthew Fontaine Maury of the US Navy. Maury is one of my heroes from the early history of ocean exploration; he was born in 1806 and his older brother John was a distinguished young officer in the US Navy. John died of yellow fever at sea when he was twenty-eight, and Matthew followed his brother into the navy, despite the objections of their grieving father. Matthew served aboard the USS Vincennes during the first round-the-world voyage undertaken by the US Navy, but he broke his leg in a stagecoach accident at the age of thirty-three, which put an end to his seagoing career. By then he had already published two books on navigation, so he pursued the study of navigation and meteorology ashore, becoming superintendent of the navy’s Depot of Charts and Instruments, which later became the United States Naval Observatory.


In his role at the Naval Observatory, Maury compiled charts of wind and currents in the north Atlantic, and helped to standardise the methods for making oceanographic measurements at sea. In 1853 he published the first sea-floor map of the north Atlantic, sketching the contours of its unseen terrain from the sparse dots of depths measured by US Navy ships. The first map required rapid updating, as each depth measurement explored such a vast unknown. So one year later, Maury published a revised version of the map that included further depth measurements made in the middle of the ocean by the USS Dolphin. Those additional measurements revealed a seabed plateau north of the Azores, slightly shallower than the deep ocean basins on either side of it. The plateau was actually the first glimpse of the Mid-Atlantic Ridge, which forms part of our planet’s greatest geological feature, a vast undersea volcanic rift known as the mid-ocean ridge. The plateau on Maury’s map of 1854 looked like a good place to attempt to lay the first undersea telegraph cable between Europe and America, and so the first major feature discovered from mapping the ocean floor was nicknamed ‘Telegraph Plateau’.


 


Let’s just pause at this point to take stock: although our ancestors perhaps started crossing the oceans at least 40,000 years ago, our knowledge of the deep ocean floor really begins here, less than two centuries ago. To put that another way: if our 40,000-year history of crossing the oceans is represented by a 24-hour clock, with midnight as the present day, then we started to fathom the ocean depths just after 11:52 p.m., less than eight minutes ago.


 


Dropping a weighted line to measure the depth of the ocean can be cumbersome, requiring a ship to stop for several hours – often with much sweaty hauling of kilometres of rope by the sailors – just to get one depth measurement in one location. The round-the-world voyage of ocean exploration made by HMS Challenger from December 1872 to May 1876 made several hundred depth measurements using that technique – a great achievement for the time, but still only a few pinpricks in the vast unknown of the ocean floor. The nineteenth-century polymath William Thomson, who later became Lord Kelvin, devised a new depth-measuring device using piano wire to plumb the ocean depths, which proved quicker and more reliable than using rope. We may therefore be able to thank John Isaac Hawkins, born in Taunton in Somerset in 1772, for an unsung yet musical contribution to deep-sea exploration. In 1826, Hawkins invented an upright piano whose popular ownership among the growing middle classes of the nineteenth century led to the mass production of piano wire, making it cheaply available in plentiful quantities for mapping the ocean depths.


Thomson’s piano-wire device was used successfully by the USS Tuscarora under the command of George Belknap to explore the depths of the Pacific in 1873 to 1874, scouting for a possible route for a sea-floor telegraph cable between the US and Japan. Using Thomson’s device, the Tuscarora measured a depth of 8,513 metres in what we now call the Kuril–Kamchatka Trench, which was greater than the depth measured by HMS Challenger in the Mariana Trench in 1875. The voyage of the Tuscarora also revealed the existence of underwater mountains known as seamounts, as described in Henry Cummings’s synopsis of the expedition from October 1873:


 


While sounding on the afternoon of the 27th, some 140 miles off the coast of California, and expecting a depth of 1,600 or 1,700 fathoms (the previous cast having been 1,689 fathoms), the lead suddenly brought up at a depth of 996 fathoms . . . We then sounded round this locality and found that a rocky submarine peak, 4,000 feet in height, existed in this part of the ocean.3
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