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			Civilization exists by geologic consent, subject to change without notice.

			Will Durant, “What Is Civilization?,” 1946
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			PROLOGUE

			A Very Bad Day on Planet Earth

			
				Our story begins on a very bad day about 74,000 years ago. The planet was starting to move out of one of its more recent ice ages, although in the tropics there was little change in climate between the Ice Age glacial episodes and the warmer interglacial episodes. A wide range of late Ice Age mammals inhabited the world, including woolly rhinoceroses and mammoths up in the cold regions of Eurasia, along with huge bison, giant deer, wild horses, and a variety of smaller mammals. Giant lions, saber-toothed cats, and huge bears fed on these large prey animals.

			People lived in many parts of the Old World by then but had not yet reached Australia or the Americas. The bulk of the human population were archaic members of our species, Homo sapiens, which first appeared in southern Africa about 100,000 to 300,000 years ago. By 74,000 years ago, these people had spread out of Africa and may have occupied much of Asia, as well as parts of southeastern Europe. However, Europe was still dominated by another human species, the Neanderthals, who had adapted to life on the edge of the northern ice sheet. In contrast to archaic Homo sapiens, Neanderthals had a shorter, stockier, more muscular build and shorter limbs, a body type suitable for attacking large prey and adapted for reducing heat loss in the cold climate. In the far reaches of Asia, ancient humans had spread to many of the islands of modern-day Indonesia and Malaysia. On one now known as Flores, east of Java and Bali, they evolved into a dwarfed species, Homo floresiensis. Now nicknamed “hobbits,” these people stood only about 1.1 meters (3 ft, 7 in) tall, shorter than any modern adult Pygmies (given their small brain size, some anthropologists question whether they are even in our genus, Homo). Flores is part of the island chain (including Sumatra, Java, and many smaller islands of the Malay Archipelago) that makes up of most of modern Indonesia. These islands are built completely of volcanoes, both active ones and ancient, dormant ones. Their climate is tropical and their jungle is dense. So much vegetation grows on the rich volcanic soil, in fact, that it’s often hard to recognize signs of volcanoes there.

			About 2,000 kilometers (1,200 mi) northwest of Flores, in northern Sumatra, there are numerous volcanoes that have erupted over the past million years. On the very bad day in question, one particular volcano, now known as Mount Toba, had been active for a long time. It had bulged up gradually until it towered almost 900 meters (3,000 ft) above the jungle. All around this monstrous dome, cracks formed. Hot springs and fumaroles spewed out steam that smelled like rotten eggs because of all the sulfur in the mixture. Earthquakes both large and small had rocked the entire island of Sumatra for a year before Mount Toba started to blast out a few small eruptions of steam and ash that blanketed the surrounding jungle. These were likely terrifying to the local animals and people but soon forgotten once they had quieted down. After a few years of tropical rains and rapidly growing jungle, the blanket of ash had vanished. Yet recently the frequency of smaller eruptions venting steam and ash had begun to increase. Soon the sides of the volcano turned barren and rocky as red-hot ash and balls of scalding pumice burned away all the nearby jungle.

			This was the state of things as that fatal day about 74,000 years ago dawned. Events really got rolling when the huge dome rumbled with a deep vibration that shook all of Sumatra. Jets of steam and ash shot one after another from the summit. Then came an explosion louder than any sound previously heard by humans in their entire evolution. For comparison, when the Krakatau (or Krakatoa) volcano, also in Indonesia, erupted in 1883, it created a sonic boom that could be heard 8,000 kilometers (5,000 mi) away and which traveled around the world seven times. That blast, 5,000 times as powerful as the Hiroshima nuclear bomb explosion, was the largest explosion heard in recent times. Yet the eruption of Mount Toba released the energy of a million tons of explosives, 40 times larger than the largest hydrogen bomb that humans have ever built, more than 1,000 times as powerful as Krakatau, and 3,000 times as powerful as the eruption of Mount Saint Helens in 1980. Thus, the sonic boom from Toba must have been deafening to animals and people for many kilometers around and must have bounced around the earth repeatedly, dwarfing any other sound produced on earth in the previous 28 million years.

			After the explosion, a gigantic mushroom cloud of hot ash rose many thousands of meters into the stratosphere. Meanwhile, superheated ash and gases, as hot as 1,100°C (2,000°F), flowed down the sides of the mountain in gigantic, turbulent clouds traveling up to 320 kilometers (200 mi) per hour. They incinerated everything in the jungles for many kilometers. A dense blanket of ash and pumice covered not only Sumatra but also most of the nearby islands, causing death and devastation wherever it settled. The ashfall spread across southern Asia as well, leaving a thick deposit even in India, more than 3,000 kilometers (1,800 mi) away. The ash cover in India was on average about 15 cm (6 in) thick; in the years following the eruption, it mingled with other layers and moved downslope, forming secondary ash deposits several meters thick (as happened in the Mount Saint Helens eruption in 1980).

			Tropical rains turned the ash into mud with the texture of wet cement, which made rivers and pathways into impassable morasses and collapsed tree branches and sometimes even whole trees under its weight. Small huts, too, probably were crushed under thousands of kilograms of wet ash. Sea levels were lower at that time, but it is likely that a tsunami triggered by seismic activity associated with the eruption would have killed many people living along the coast. The people and animals of the jungle found their world in utter ruin, and most local survivors must have soon died of starvation, while others died from inhaling dry, dusty ash. Volcanic ash particles are microscopic shards of glass, and they cut up the insides of the lungs, which scar and then clog with fluid.

			These were the effects on the life of the jungles within a few thousand kilometers of the erupting volcano. But areas beyond the densest ashfall were affected as well. Clouds spread around the world, leaving a blanket of ash on the ocean floor in many places thousands of kilometers from the eruption. The volcano spewed out about 10 billion metric tonnes (11 billion short tons) of sulfuric acid and 6 million metric tonnes (6.6 million short tons) of sulfur dioxide, which combined with water in the atmosphere to make sulfuric acid. The sulfuric acid was devastating to life in many parts of the globe and can be detected even in the Greenland ice sheet.

			The farthest-reaching impact of the eruption, however, was caused by the 3,000 cubic kilometers (720 mi3) of dust-size particles of volcanic debris that were injected into the stratosphere, more than 10 kilometers (6 mi) above sea level. At that altitude, they were picked up by the jet stream, and soon a plume of ash began to circle the world. When something like this happens, the amount of sunlight that reaches our planet is reduced, resulting in abnormal cooling. When Krakatau erupted in 1883, the huge volume of ash that was shot into the stratosphere blocked sunlight, and global average temperatures dropped by about 1° to 2°C (2° to 4°F) for more than a year. Weather patterns were erratic for years, and temperatures did not return to normal until 1888. The sky was dimmed, even darkened, for months after the eruption, and the large amount of particulate matter in the stratosphere changed its color, producing, for instance, spectacular orange-red sunsets, such as the one depicted in Edvard Munch’s The Scream (1893). As Munch wrote in his diary on January 22, 1892: “Suddenly the sky turned blood red….I stood there shaking with fear and felt an endless scream passing through nature.” Rare atmospheric effects, including a literal blue moon, a Bishop’s ring (a faint brown halo around the sun), and volcanic purple light at twilight, were also seen around the world.

			Sixty-eight years earlier, when Mount Tambora (also in Indonesia) had erupted in 1815, it injected so much dust into the stratosphere that the earth’s weather patterns changed. As the ash blocked sunlight, the resulting cooling led to crop failures, starvation of livestock, and widespread disease (including a typhus epidemic) and famine in human populations around the world. The following “Year without a Summer” (1816) saw cold, dark, rainy summer months in North America and Eurasia: even in June, it snowed in New York, New England, and many European cities. That month, Percy and Mary Shelley were staying at Lord Byron’s villa near Lake Geneva in Switzerland, and they told one another gothic horror stories to pass the long hours spent indoors. That wet, gloomy summer inspired Mary Shelley to write Frankenstein, or The Modern Prometheus.

			The eruption of Toba about 74,000 years ago was 1,000 times as large as that of Tambora or Krakatau. It didn’t just trigger a summerless year or a short cold spell spanning several years: global temperatures dropped by 3° to 5°C (5° to 9°F), to a worldwide average of just 15°C (60°F) after three years, and took a full decade to recover to pre-eruption levels. The tree line and the snow line fell to 3,000 meters (10,000 ft) lower than where they are today, making most high elevations uninhabitable. Ice cores from Greenland show the evidence of this dramatic cooling in trapped ash and ancient air bubbles.

			What happened to people and animals during this terrible time? As we shall see in the rest of this book, many geneticists and archaeologists believe that the Toba catastrophe nearly wiped out the human race; afterward, they argue, only about 1,000 to 10,000 breeding pairs of people survived worldwide. Supporting this idea are both geologic evidence of Toba’s size and atmospheric effects and indications of a human genetic bottleneck that happened around the time of the eruption. A genetic bottleneck occurs when the number of individuals in a population drops so low that its genetic diversity is greatly reduced, and all descendants of that population carry the rare genes of the handful of survivors.

			Several studies have found similarly timed bottlenecks in the genes of human lice and of our gut bacterium Helicobacter pylori, which causes ulcers; according to these organisms’ molecular clocks, which show how much time has passed since a genetic change took place, both bottlenecks date back to the time of Toba. The molecular clocks of a number of other animals, including tigers and pandas, indicate that they, too, passed through a bottleneck around that time. In short, Toba was the biggest eruption since modern humans appeared on earth, and it came very close to wiping out people, along with many other animals, altogether.

			The Toba eruption was one of the greatest geological catastrophes ever to strike our planet. It was larger than any volcanic eruption in the previous 28 million years and hundreds to thousands of times larger than later eruptions such as Tambora, Krakatau, and Mount Saint Helens. Toba may even have been a disaster on the scale of the one 65 million years ago that wiped out the dinosaurs and many other creatures, and it may have been similar in its effects to other mass extinction events in our planet’s history.

			However, the amazing story of the Toba eruption, and its aftereffects, is one that few people (and even few scientists) have heard. Not until the late 1990s did researchers even realize that the catastrophe had occurred; at that point, many scientists, working on many different kinds of problems in geology, genetics, and other fields, eventually came to recognize that they were all uncovering evidence of the same great disaster. The story of Toba’s discovery, to which we now turn our attention, is one of surprise, serendipity, and continuing controversy.
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						Mystery of the Missing Megavolcano
				

			

			
				The most exciting phrase to hear in science, the one that heralds new discoveries, is not “Eureka!” but “That’s funny.”

				Isaac Asimov, 1987

			

			Serendipity

			Percy Spencer was a remarkable character. Born and raised in rural Maine, he was just a baby when his father died, and he grew up poor. At age 12, he left school to support his family, working from sunup to sundown in a spool mill. Even though he had only a grammar school education, he learned the basics of electrical engineering while helping to bring electricity to a local paper mill and then to his rural community. He first read about wireless communication in news coverage of the Titanic disaster and volunteered to join the US Navy so he could learn all about radio technology. While standing watch at night, he read voraciously and taught himself trigonometry, calculus, physics, chemistry, and metallurgy.

			By 1939, he was one of the world’s leading experts on radar tube design, building radar and improving its technology at Raytheon to aid Allied defenses in World War II. He found a more efficient way to manufacture the magnetrons that generated the microwave energy for radar sets, and soon daily production of the units increased from 17 to 2,600. When the war ended, however, Raytheon was stuck with an assembly line building thousands of military-grade magnetrons and no use for them. Then one day, while standing near a magnetron, Spencer noticed that a candy bar in his lab coat pocket had melted. This had previously happened to others, but he was the first to realize that this accidental discovery might point to a civilian market for all the excess production. Over the next few months, he and others at Raytheon experimented with the magnetrons, and in 1947 they produced the first commercial microwave oven. Even though Spencer was the one who filed the patent for the device, he received no royalties, only a two-dollar gratuity from Raytheon for his invention (he did end up as a senior vice president and a member of the company’s board). This amazing invention, which nearly every modern US household depends upon today, was based on an accidental discovery.

			Then there is the story of Arno Penzias and Robert Wilson. In 1964, they were employed by Bell Labs, the original research division of AT&T/Bell Telephone, and were responsible for developing communication technology for “Ma Bell.” They were the chief electrical engineers who designed the first microwave antennas that received and transmitted phone signals, and their main job was to get the bugs out of the devices and improve their efficiency. The antennas were picking up unwanted static and other electronic “noise,” and Penzias and Wilson found and resolved most of the interfering sources. Yet there was one source they could not eliminate. The noise was 100 times stronger than they expected. It occurred day and night and was evenly spread across the sky (and thus wasn’t coming from any single point source on earth or in space). It was clearly coming from outside our galaxy, and they could not explain it. Luckily, just 60 kilometers (37 mi) away, in Princeton, New Jersey, the physicists Robert Dicke, Jim Peebles, and David Wilkinson were beginning an experiment to find the electromagnetic noise left over from the Big Bang, the explosion that, it is theorized, began the universe. A friend told Penzias that he’d seen a preprint of a paper by the Princeton group predicting this background noise. The Bell engineers got in touch with the Princeton lab, and Penzias and Wilson showed the physicists what they had found. Lo and behold, the two Bell Lab engineers had uncovered proof, in the form of cosmic background radiation, that the Big Bang had happened. In 1978, Penzias and Wilson received the Nobel Prize in Physics—for something discovered entirely by accident.

			These stories are classic examples of how “pure” scientific research can lead to amazing findings. Some discoveries are made by people looking for a specific answer to a specific problem, but more often than not, scientists reach important breakthroughs by doing pure research—gathering a broad range of data on a particular topic without knowing what they might find. Many people think that science is about planning your research carefully to achieve some specific goal, and often there is little patience or tolerance for pure research: investigations that don’t have a particular conclusion in mind but instead focus on finding out general facts about nature, whether or not those facts might prove to have practical applications. Even many scientific funding agencies show such impatience, tending to reward investigations that are conventional and look for “more of the same.” Agencies seldom fund research that is speculative, perceived as a gamble, or seen as exploration for its own sake that is not directed toward a specific practical goal. TV commentators and congressional representatives sometimes ridicule research that has no particular aim or, especially, obvious application; occasionally, even when such research has been approved through the well-established scientific review process, it is shut down.

			The irony of the misconception that science must be practical and useful is that most great scientific discoveries are not anticipated or planned but happen by accident. More often than not, scientists who find a crucial new piece of evidence were not actually looking for it but instead were searching for something else, making their great discovery without planning or expecting it. The term serendipity was coined to describe such a phenomenon. It comes from an old Persian tale, “Three Princes of Serendip,” whose protagonists make discoveries unexpectedly. In the case of science, serendipity is most often seen when a researcher is prepared to recognize the implications of some new, unanticipated development. As Louis Pasteur put it in a lecture at the University of Lille in 1854, “In the field of observation, chance favors only the prepared mind.”

			Other examples of serendipity in science are legion, especially in chemistry. Alfred Nobel created gelignite, the key ingredient in his development of TNT, by accidentally mixing nitroglycerin and collodion (guncotton). Hans von Pechmann inadvertently discovered polyethylene in 1898. Silly Putty, Teflon, superglue, Scotchgard, and rayon were all chance inventions, as were the discoveries of the elements helium and iodine. Among drugs, penicillin, laughing gas, the birth-control pill, and LSD were all based on chance discoveries, too. Viagra was originally developed to treat blood pressure, not impotence, and minoxidil to treat ulcers, not hair loss. Among other practical inventions, ink-jet printers, cornflakes, safety glass, Corning Ware, and the vulcanization of rubber all owe their genesis to happy accidents. Many great advances in physics and astronomy were also unexpected, including the discoveries of the planet Uranus, infrared radiation, superconductivity, electromagnetism, and X-rays.

			Likewise, geologists often find things they are not looking for. In 1855, John Pratt and George B. Airy were doing routine surveying for the British government in northern India. They noticed that the plumb line under their surveying tripod was not as gravitationally attracted to the Himalayas as they expected it would be. This led them to discover evidence for the deep crustal roots of such mountains.

			Similar examples could be cited for many more pages, but the point is clear: science is not always predictable, and scientific research cannot be restricted to looking for only straightforward results that were expected when the study began. Otherwise, important discoveries will come to an end.

			Frozen in the Ice

			
				The discovery of the Toba eruption is another classic case of scientific serendipity. In the late 1980s, several researchers working in labs around the world and with entirely different goals turned up indications of the catastrophe completely by accident. Most of these researchers were looking for evidence not of a supervolcano but of how local and worldwide climate had changed during the most recent Ice Age. That was, and remains, an extremely important question in and of itself, and it has led to even more exciting discoveries as scientists have systematically combed through ancient climate records—captured in ice cores, in cores of sediment drilled from the deep seafloor, and in deposits of ancient volcanic ash found both on land and in the world’s lakes and oceans—to see what they might reveal.
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					Figure 1.1. Drilling an ice core at the EastGRIP site in Greenland, 2017. (Photograph by Helle Astrid Kjaer; courtesy Wikimedia Commons)

				
			
			Ice cores are a good example of how serendipity can lead to accidental discoveries when scientists conduct pure research without knowing what they might find. Labs in countries all over the world have been drilling cores in many spots in the Antarctic and Greenland ice sheets, as well as in larger glaciers on mountain ranges, for several decades (fig. 1.1). Because bubbles captured in this ancient ice consist of tiny samples of air from thousands and even a million years in the past, these cores have given us crucial insights into the climate puzzle of the ice ages.

			One of the first scientists to use the chemistry of ice cores in this way was Willi Dansgaard, a Danish climatologist who took advantage of US military spending at the height of the Cold War to do his research. In the 1950s, the US Army decided to build a secret military base under the ice of northwestern Greenland to test the feasibility of constructing more such bases, which could be used to both monitor Soviet activity in the Arctic and hide up to 600 nuclear missiles a short hop from the Soviet Union. For this program, dubbed Project Iceworm, the Army Corps of Engineers built a network of long ice tunnels, which was named Camp Century and was intended to spread out over some 4,000 kilometers (2,500 mi) about 8.5 meters (28 ft) below the ice surface. It was powered by its own nuclear reactor and housed as many as 200 personnel during its peak years of activity in the early 1960s.

			Some of these personnel were nonmilitary scientists, who were using the army’s dime to pay for their Arctic research in return for helping it to understand risks and problems associated with the base. Soon the scientists gave the military engineers bad news: glaciers are rivers of ice that constantly flow from higher regions to lower ones, and the ice sheet in which Camp Century had been tunneled was flowing so rapidly that it would soon crush the reinforced bunkers beneath the ice. Within three years, the predictions came true, and in 1966 the military had to abandon the base. It was completely flattened under the ice, which global warming is now rapidly melting away.

			Dansgaard was among the civilian scientists on the base. When he arrived at Camp Century in 1964, he was already a 42-year-old, bearded, pipe-smoking, grizzled veteran of many polar expeditions, including several voyages to measure the chemistry of the ice and the seawater around Greenland. His wife, Inge, was also a polar veteran. She had been sent to Greenland in 1947, first to study the earth’s magnetic field and later to study meteorology, with Willi tagging along. He showed a knack for devising simple, minimally expensive solutions to scientific problems: for example, no one before the 1940s had known exactly what the chemical composition of rainwater might be, so Dansgaard placed a funnel in the neck of a beer bottle in his yard and collected a clean sample to analyze.

			He received permission from the military brass to study ice cores that the military and civilians had drilled out of the ice sheet next to Camp Century from 1961 to 1963 to assess the ice sheet’s stability. Eventually, these pioneering cores, taken all together, spanned more than 1,300 meters (4,300 ft) and covered 100,000 years of time. They yielded the first evidence of the operation of both glacial-interglacial cycles and the El Niño–Southern Oscillation (ENSO) climate cycle, but perhaps the most startling scientific findings of the Camp Century cores was that ice ages lasting almost 100,000 years could end abruptly, in only a few thousand years. In collaboration with the Swiss geochemist Hans Oeschger, Dansgaard discovered the rapid temperature fluctuations, now known to all climatologists as Dansgaard-Oeschger cycles (D-O cycles for short), that occurred every few thousand years during the last glacial period, which ran from about 110,000 to 11,700 years ago. Thus, although the US Army’s attempt to build a polar base proved to be a failure, it serendipitously led to one of the great scientific breakthroughs of the past century.

			More recently, in 2004, EPICA (the European Project for Ice Coring in Antarctica) published its results from cores drilled in the Antarctic ice sheet that span the past 680,000 years of the earth’s climate and record at least seven complete glacial-interglacial cycles. These cores have been crucial in proving that modern global warming is human-caused, not natural: during even the warmest interglacial episodes of the past 680,000 years, the atmosphere contained no more than 280 parts per million (ppm) of carbon dioxide, while carbon dioxide concentration in the atmosphere during our current warming episode has shot far past that threshold. In 2018, we passed 410 ppm, a concentration higher than that of any time in the past 50 million years.

			Another significant ice core was drilled in 1993 by a team of American, Swiss, and Danish researchers as part of an international research effort named Greenland Ice Sheet Project 2 (GISP2), whose first phase had lasted from 1971 to 1981. Taken from the highest part of the Greenland ice pack, the GISP2 core set a length record: it was more than 3,000 meters (10,000 ft) long. (The EPICA core, at 3,233 meters [10,600 ft], has since surpassed it.) Each segment of the core was only about 3 meters (10 ft) long, as it was divided for easier handling. After each piece emerged from the drill hole, researchers stored it in a deep freezer, later bisecting it for study and then wrapping it up and replacing it in the freezer. After undergoing preliminary study at the drill site, the core segments were shipped to researchers via refrigerated airplane; today most are stored at the National Ice Core Laboratory in Lakewood, Colorado.

			Among the scientists who examined the GISP2 core was Greg Zielinski, then at the Climate Change Research Center of the University of New Hampshire. While carefully sampling and analyzing the chemistry of air bubbles throughout the core, he was particularly struck by those dated about 74,000 years ago: their concentration of sulfur dioxide, a component of sulfuric acid, was way off the scale. His analysis suggested that there were 2,000 to 4,000 megatons of sulfuric acid in the atmosphere then, 25 times more than all the industrial sulfuric-acid pollution produced over the entire earth today. He knew that this concentration of sulfuric acid in the atmosphere must mark some extraordinary event. Only a volcano could have produced so much so quickly, but when Zielinski first published this information, in 1994 (just a year after the GISP2 core had been drilled), he could not pin down the source of the sulfuric acid.

			Data in Davy Jones’s Locker

			
				Another classic example of how great discoveries happen by accident, or simply as a result of collecting a lot of data, is seen in marine geology and the contributions it has made to climate studies. During World War II, the US government poured money into a huge number of research labs that were working on inventions that might prove to have military use; eventually these labs would develop radar, invent the atomic bomb, and make numerous improvements to gun technology, tanks, aviation, and ship building and design. (My father contributed to some of these improvements: at Lockheed his entire career, he had a hand in the development of every plane the company built, from the P-38 Lightning fighter of World War II fame to jet fighters to legendary supersecret spy planes such as the U-2, SR-71 Blackbird, and Stealth fighter.) When World War II ended, the government kept some of the big labs going, both to support the military during the Cold War and for civilian research purposes. The continued push for research led to the United States’ development of the hydrogen bomb, the B-52 bomber, satellites, rockets, and many other important weapons systems. Some labs also received government support for nonmilitary projects that might yield practical benefits for the country.

			Among these projects was research into the oceans and marine geology, a need already apparent during World War II, when many lives were lost on surface ships and in submarines because almost nothing was known about the seafloor. Maps and charts were poor, and key aspects of ocean currents were misunderstood. In fact, before World War II, we had no idea what over 70 percent of the earth’s surface looked like because there were no detailed maps of the ocean floor. By the late 1940s, several oceanographic institutes were beginning to fill this huge gap in our knowledge of the earth’s surface. They included Woods Hole in Massachusetts, Scripps in San Diego, and the Lamont Geological Observatory (now Lamont-Doherty Earth Observatory) of Columbia University in New York, just an hour up the Hudson Valley from New York City.

			Lamont’s first director was William Maurice Ewing (known to everyone as Doc), a driven, irascible Texan geophysicist trained at Rice University in Houston. Along with Jack Nafe (who taught me marine geophysics when I was at Lamont), he pioneered the technique of using dynamite explosions to bounce sound waves off the sea bottom, analyzing those reflections to “see” the structure of the layers below. Already a professor of geology at Columbia, in 1949 Ewing became the director of the new institution. It was housed on the weekend estate of the Corliss Lamont family, who had donated the land to Columbia. As the science writer William Wertenbaker described Ewing in his book The Floor of the Sea (2000):

			
				
					While he was an exacting scientist with excellent instincts, above all he had a passion to know. It was as explorer of two-thirds of Earth’s crust—directly and through the generations of students he inspired—that he had his greatest and most lasting influence. Before science could explain it, Ewing saw, perhaps better than anyone, how much there was to learn about the seafloor. He encouraged and he pushed and he bullied and he insisted on the collection of data (oceanwide at first and worldwide later) at all times—as much data and of as many kinds as men and machines were capable. Maybe more.

				Ewing was an amalgam of unblended traits and contradictions: a Texas farm boy dedicated in mind and body to the sea; an inspirational presence sometimes asleep in his own class; and a courteous Southerner who was a terror to the hidebound.

			

			Ewing was not only a brilliant scientist but an ingenious inventor as well, with a knack for simple practical solutions to problems (e.g., when seawater ruined his hydrophones, used for picking up sound vibrations in the oceans, he sealed the next set of hydrophones in over-the-counter rubber sheaths). He designed and developed many of the instruments for oceanographic research that have since become standard. Skilled in many fields of science and extraordinarily hardworking, he didn’t take well to people who were less industrious, according to Wertenbaker:

			
				
					Many a brilliant man has not fulfilled his promise. Ewing had brilliance, but he had more. At Rice, his labs and classes were from nine in the morning to four in the afternoon. From five in the afternoon to midnight he held jobs to help pay his way. And there was also the need to fit in homework, meals, and time with friends.

				The resolution for maintaining this schedule was pure Ewing. “In some of my freshman reading, it said that sleep is deepest and most restful in
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