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Foreword





The discovery of ancient human footprints at White Sands National Park has caught the imagination of the public, especially when they were dated recently to the height of the last ice age. This pushed the antiquity of human presence in the Americas back far beyond previous estimates. It is a discovery that is not without controversy, and as with any new scientific idea, there are always naysayers. This book is about those footprints and the scientific journey behind their discovery. It is not a contribution to the scientific debate around this discovery or its dating. Instead, it is aimed at the general reader who wants to find out more and share in the discovery of these amazing footprints. Join us via these pages as we tell the story of this discovery and explore the implications of these footprints for the peopling of the Americas.


Just a quick word about the way the book is set up. Each chapter focuses on a different part of our story, but in places it is hard to find the right approach. Some folks will want more depth and detail on the methods we use, while others won’t. To solve this problem, we have created a postscript with information that some readers may find interesting but others won’t! We suggest that you delve into this postscript as and when you wish, or need it.


Matthew R. Bennett


David F. Bustos


Daniel Odess


April 2025
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CHAPTER ONE

First Sight of White Sands







Ellis Wright, a government trapper, was out hunting in the fall of 1932. The sun was hot, and the dust was rising on the salt flats of White Sands in New Mexico. He was an expert in reading animal tracks—after all, his livelihood depended on it. Stopping to mop his brow, he saw a line of tracks in a shallow gully a few yards ahead. With interest, he stepped forward but then stopped short, before shaking his head slowly. The outline of a human foot was cemented into the gypsum rock.1 In all, there were 13 such tracks forming a short trackway. The exact location has been lost, but the prints may have looked like those in Figure 1.1. Wright was sure they had been made by a human, but something nagged at him. They were simply too large—perhaps 22 inches long. Feeling uneasy, he scanned the horizon. What could have made such large tracks? Bigfoot, perhaps? Wright returned a few days later with a small group of folks. They confirmed his finding, but were at a loss to say who made the tracks other than a giant human. So the story of the White Sands footprints starts with Bigfoot.


And there the matter rested for some 75 years, until the hero of our story, a quietly spoken and keenly observant guy from New Mexico called David Bustos, started to see tracks in the sands. David arrived at White Sands National Park as a biologist in 2005 and in time became the resources manager.2 His first encounter with the footprints left him puzzled. He recalls:




It was a warm winter day in 2005. I was working in the interior of the park repairing a fence, far beyond the dunes and out on the salt flats. Something caught my eye, a slight change in soil color. I saw my first print. At first, I thought they were recent prints made by cowboy boots, wide at the front and narrow at the heel, but they seemed too deeply impressed in the soil, and it was strange that they were so far out on the salt flats. I thought nothing more about it at the time, but the discovery nagged at me for years. Fifteen years later, these tracks would become part of the longest fossil footprint trail in the world, but that is to come in our story. In 2006 we found the first fossil prints of extinct Ice Age animals in the park—prints of mammoths and camels.3 They were infilled with cornflake-size gypsum (selenite) crystals and were eroded out of the shore by waves when Lake Lucero flooded after a rare storm. As the waves washed away the sediment to expose the prints, they glistened and sparkled like diamonds in the sunlight. But as soon as the prints were exposed, they were washed away.





In 2007 came the first academic paper to describe the mammoth tracks.4 Large oval-shaped depressions and easy to spot, mammoth tracks are each about the size of a large pizza in diameter and are part of a rich fauna that became extinct at the end of the Ice Age.5




The Tularosa Basin


We are racing ahead in our story, and should perhaps take a moment to give context to this unique place called White Sands. One word describes the sands of the Tularosa Basin, where White Sands is located: white. So white, in fact, that the gypsum sand dunes shimmer in the heat as they constantly move in the wind, marching forward with the breeze. The dunes are paired with a vast plain of sand called Alkali Flat (Figure 1.2A; geologists call salt flats playas). Alkali Flat is the former bed of a giant lake that once filled the Tularosa Basin during the Ice Age and is referred to as Paleolake Otero.6 Lake Lucero is a modern remnant of this ancient lake and is found at the southern end of Alkali Flat after rainfall.


If you live in a modern house, chances are its internal walls are clad in drywall boards made from compressed gypsum. Gypsum is composed of calcium sulphate and is formed by the evaporation of salt-rich water, a bit like the limescale that builds up in a kettle over time. When it rains, Alkali Flat fills with water, and it has nowhere to drain. Consequently, it evaporates slowly to leave a crust of gypsum. This bloom of salt is eroded by the wind and deposited on the adjacent dunes, which are constantly being supplied with tiny sand-size gypsum crystals. In places, groundwater rich in salt emerges onto the flat and evaporates to form beautiful crystals of selenite (Figure 1.2B)—crystals that apparently promote calm, mental clarity, and well-being. The name derives from a Greek word meaning “moon stone,” and the pale translucent crystals scatter the surface of the flats in places.


[image: Illustration of a man crouching over a set of large footprints depicted as color differences on a flat sediment surface. Behind is a jagged mountain ridge.]

Figure 1.1. The moment Ellis Wright found the first footprint at White Sands in 1932, reenvisioned by artist Karen Carr. The depiction of Ellis Wright is based on photographs provided to David Bustos by his family.






Alkali Flat lies in what geologically we call a rift valley. A rift valley forms when the earth’s crust is pulled apart and is defined on each side by a series of large fractures known as faults. The Tularosa Basin is a rift valley in the sense of being a topographic feature and being defined by a series of faults on either side. It is one of a series of such basins that form the Rio Grande Rift system, which runs from the San Luis Valley in Colorado south into Texas and onward into Chihuahua in Mexico.7 The Tularosa Basin is on the eastern side of this rift system, east of the Rio Grande. To the west, the basin is defined, south to north, by the Organ, San Andres, and Oscura Mountains, and on the east by the Hueco Mountains, Otero Mesa, the Sacramento Mountains, and Sierra Blanca. The southern end of the basin is defined by the Rio Grande, and it becomes narrower to the north (Figure 1.3). The rift cuts ancient Precambrian rocks at depth, as well as marine sediments of Permian and Tertiary age. The former contain thick evaporite strata, formed when Permian seas dried up to leave thick salt layers. This contributes to the gypsum-rich groundwater within the basin.8 A rift valley typically fills from the sides as its flanks are eroded, feeding large river fans that build out toward the center of the basin. In this case, the floor of the basin contains a range of lake and river deposits, including at-depth deposits of an ancestral Rio Grande that once routed through the basin.


Toward the end of the Ice Age, Paleolake Otero filled part of the Tularosa Basin. Its age and history are not well-known, but it may have been present as early as 42,000 years ago and persisted in some form until around 16,000 years ago.9 When the gypsum dunes fit into this ancient landscape is not well-dated, but dune formation probably commenced at least 8,800 years ago.10


White Sands National Monument, as the site was known until 2019, was signed into law by President Herbert Hoover in 1933 and opened its doors to the public in April 1934. In its first year, it received more than 34,000 visitors.11 The original declaration under the 1906 Antiquities Act set aside 142,987 acres to conserve part of what was believed to be the largest gypsum dune field in the world. But the military soon became its neighbors, and at first the military had unrestricted access over the whole area. In 1942, just months after the attack on Pearl Harbor, more than 1.2 million acres of the Tularosa Basin were designated as the Alamogordo Bombing and Gunnery Range. In 1945 the range was used to test the first nuclear bomb (the Trinity test), detonated approximately 77 miles north of Alamogordo. Part of the range closed at the end of the Second World War but reopened as Holloman Air Force Base in 1958. Testing continued at the White Sands Missile Range, which became home to the earliest US rocket tests. Therefore, White Sands can claim to be the birthplace of America’s space program. Congress upgraded the monument to a national park in December 2019 and extended its remit to cover both geological and cultural resources as well as the dune field.


[image: A: Landscape photograph of Alkali Flat showing a white sediment floor interspersed with bushes, distant mountains, and a haze of blown dust. B: Close-up photograph, with a hand for scale, showing shards of amber-colored crystals.]

Figure 1.2. A: Alkali Flat, which was an ancient lakebed, is now a dusty salt flat or playa. B: Selenite crystals are beautiful slivers that look like a sliced loaf of bread.






The part of the park that visitors see is largely restricted to the gypsum dunes. Most people enjoy their beauty, go sledding on the dunes, or simply hang out there. The other part of the park is Alkali Flat, and this area is still in co-use with the military. It contains unexploded ordnance from decades of military use and is regularly closed for missile tests. The flats can be accessed only with permission and by using one of the National Park Service’s utility terrain vehicles (UTVs). It is here that the footprints are found. Within David’s resource management team, they are described as “ghost tracks” because they appear and disappear. If conditions are just right, you can see the outline of a track as a slightly darker, or sometimes lighter, shade of gray gypsum sand. It is the contrast in moisture, and salt, between the track infill and the surrounding area that identifies the tracks. Mammoth tracks often stand out clearly (Figure 1.4), but smaller human tracks are also visible under the right conditions. It takes practice to see them and an element of faith, because when it becomes too dry or too wet, they disappear.







Searching for Tracks: David’s Quest


Let us return to our story and reconnect with David, who as the years passed was gaining confidence in identifying the large circular tracks of mammoths and the kidney-shaped tracks of giant ground sloths. He also found beautiful tracks of a big cats, dire wolfs, and lots of camels. With the help of the Washington office of the National Park Service, David set up a paleontological program and had the US Geological Survey provide an unmanned aerial vehicle, a fancy drone. With the help of a great deal of interns and seasonal staff, this work led to the discovery of many mammoth and camel tracks. Perhaps the largest discovery was an area some 8 miles long and 2 miles wide of closely spaced mammoth tracks, forming a giant trample-ground. David recalls,


[image: Satellite image of the Tularosa Basin. The white sands and playa of the national park are visible in the center, with the San Andres Mountains to the west and the Sacramento Mountains to the east. On the far left is the Rio Grande.]

Figure 1.3. A map showing the location of White Sands National Park within the Tularosa Basin, New Mexico. Base image courtesy of Google Earth.






[image: A flat surface of light-colored sediment with two crouching figures. Between them, circular patches of darker sediment show the location of mammoth tracks. Behind this foreground is a mountain ridge, whose geometry has been altered to disguise the location.]

Figure 1.4. A set of mammoth “ghost prints” on Alkali Flat. Note that the skyline has been adjusted to obscure the precise location.








So we knew that we had a handful of prints, maybe 10 to 15 trackways. And I had talked to a lot of geologists and other folks about the tracks on Alkali Flat. They said there couldn’t be any out in the center of the flats because the lakebed had all been scoured away. All right, well, I guess there’s no track out in the middle of the salt flats. But one day we went out there following the prints of a lost boy who had roamed miles out into the middle of the salt flats. And while looking for this boy, we came across this large area of mammoth tracks that formed a huge trampled area. Oh, and we did find the boy too!





But nagging away at David was the idea that there were human tracks as well, something different and bipedal. After many false dawns and disappointments, David eventually got folks in the Washington office of the National Park Service interested in the idea that there might be human tracks alongside those of the Ice Age animals. Reaching out to Dan Odess, who was then an assistant director at the Park Service, he arranged for a team from HABS-HAER12 to come out and do some basic mapping. It was the first systematic study and the first use of LiDAR (light detection and ranging, which involves using a plane or drone and lasers to map topography) at the site. While it did not lead to any clear conclusions about the tracks, it was an initial step on a journey. In the summer of 2016, the centenary of the Park Service, David reached out to human footprint expert Matthew Bennett. A British geology professor working at Bournemouth University on the south coast of England, he has established himself, by happenstance more than design, as an expert in human footprints. For example, he had worked on the 1.5-million-year-old footprints found at Ileret in northern Kenya, as well as at other sites around the world.13 But it was his research handbook on fossilized locomotion14 that was the stimulus for a tentative email. It was the start of a friendship and a new chapter in the story of the White Sands footprints. Matthew joined David at White Sands in January 2017 along with lots of other folks to evaluate two questions: Were there human tracks at White Sands? If so, how could we establish their age?


David recalls,




I had become familiar with the tracks out on the salt flats. They would appear and fade with changes in the weather, ghostlike. There was something walking upright on two legs (bipedal), and in places I was sure that a mammoth track overprinted the tracks. If this was the case, then they had to be old and formed prior to the extinction of the mammoths. At this point I remembered the cowboy boots. If they had toes, then they must be old. Who else would be walking out on the salt flats without shoes? So as soon as I could, I rushed out to the location with Patrick Martinez, a biological technician at the time, and started to brush one of the tracks out. After about 35 minutes, a human foot began to emerge, with toes and a clear arch. Patrick would have none of it: “David! You are making the print up. You’re brushing out the shape you want to see!” I handed him the brush and suggested he set to work on what would be the matching track, a left to the right I had uncovered. He brushed this way and that and slowly a track emerged, despite everything he did to prevent it. It was a left track with toes and a heel. The tracks were infilled with sand made of coarse-grained gypsum crystals, and this brushed out easily. The sediment in which the track was made was much finer and more compact. We laughed and joked—we had a human track, but who would believe us?


I started to research human footprints, devouring everything I could find, and during this time I came across Matthew’s book. The book provided an overview of the topic of human footprints. I knew it was a long shot, but I reached out to Matthew in the hope of getting his help. To my surprise he responded, and after a few online meetings he agreed to travel out in January 2017 to look at the prints.


The weeks leading up to the visit were exciting. We would have other experts—paleontologists and folks who specialized in dating sediments—visiting as well. It was a busy time organizing folks’ travel, booking rooms, and hiring cars. A few days before, the weather forecast began to hint at rain. At first it was just an outside chance of rain, but as the event came nearer, so did the probability of rain. The weekend before the event, it began to rain, a real downpour flooding part of Alkali Flat. We thought about canceling the trip, but with so many people traveling, this was not a real option. The vans got stuck on the way out to the site. The tracks we had prepared were lost to the rain. The ghost tracks began to disappear. It was not a great start!





Matthew adds,




I arrived a day late, and David kindly met me at the airport in El Paso. He is that sort of guy, always there to help. I have to say I was uncertain of what I would find and was really put out that there was a large posse of people at the meeting. I am an introvert at heart and crowds are not my thing. Jet-lagged and tired, I listened to David, park superintendent Marie Sauter, and Vincent Santucci, head of the Park Service’s national geology program, outline what evidence they had and what help they needed. Some dates on ditch grass seed layers (Ruppia spp.) were way out there (20,000-plus years old) and much older than any accepted age for humans in the Americas. The dates stirred up a tornado of speculation, but in truth, as I pointed out in my rather blunt way, they could prove nothing! The prints they had found so far possessed no stratigraphic relationship to the dates. After a couple of days of chatting, we were taken into the field, my first experience of a ride across the dune on a UTV, which I have to say is a totally amazing experience and one I cherish on every visit to the park. But I was not impressed by the footprints. Yes, I could see tracks of mammoths, but little else. David took us to this amazing box made of aluminum, about the size of a large door lying flat on the sand flats and maybe 3 inches high. He hoped it would have preserved some of potential human tracks he had excavated a few months before with Patrick. It was like one of those trapdoors you see in sci-fi films, the entrance to a giant subterranean bunker. In fact, it had some poorly excavated tracks, which had gotten damp and did not sell themselves to me. I was not impressed and was undoubtedly rude given my direct manner. Poor David.





David continues,




I remember telling my wife that Matthew didn’t think much of the footprints but loved the metal bunker! We had put the metal cover in to try and protect the tracks that Patrick and I had excavated a few months earlier. But with all the rain, water had got in and turned the tracks into a wet mess. It is no wonder no one believed them. I felt as if it was the day that my dog had died. My new friends and colleagues let me know that the tracks were not likely human or, more to the point, the tracks that they had seen would not convince a skeptical crowd.





Dan adds,




I arrived a day early for the meeting to take advantage of David’s kind offer to show me around the park. I had been working with David by phone for a few years to try and help him figure out how to document and preserve the tracks he was finding, but this was my first chance to meet him in person. I was immediately struck by his quiet, soft-spoken manner, deep curiosity about the natural world, and genuine humility. I was also struck by his incredibly keen eye for subtle detail and something that is just a little out of place. It is his keen powers of observation and his ability to notice when something looks just a little different than it did when he last passed through an area that has been critical in discovering the tracks.





Matthew recalls,




I felt bad. David was such a nice guy, and there I was shattering his dreams. He took me and Marie Sauter on a UTV tour the day after everyone left. It was there that he showed me some amazing giant ground sloth tracks on the west side of Alkali Flat. Ghost tracks for sure, but they were clearly made by a huge animal. I was impressed and gave David and Marie a commitment to be back to study them and to put White Sands on the map as a track site. My message was clear: Forget the humans. Forget trying to date stuff. Focus on what you do have, which is some amazing giant ground sloth and mammoth tracks. I would be back in April.





This is how the next installment of the footprint saga started. And yes, Matthew was back in April 2017, and with David and an intern named Jackson, they started to work on the west side of Alkali Flat on the sloth tracks. Matthew remembers,




Boy, was it cold! The early morning drive across Alkali Flat in the open-top UTV was bitterly cold, so much so that I could feel the tears in my eyes begin to freeze. It is the coldest I have ever been at White Sands, and it can get cold. We started to work on a set of ghost tracks that were clearly made by a giant ground sloth. That was our mission, to study ground sloths. We had only been working there for a couple of days when David called me over to look at the small impression he was brushing out. If you break the surface crust over a ghost track, you can then brush out the infill with a little care and the occasional prod from the end of a paintbrush. The secret is to let the brush define the track rather than poke and prod too much. Anyway, David called me over. He had a deep track, maybe 7 inches long, with a nice, rounded heel, and the forefoot went deep, and at the bottom there was the faint outline of a set of toes. It was a human track and typical of someone walking on soft mud. The forefoot tends to sink deeper as you push forward in the last phase of stance. It was perfect, in fact. People expect fossil tracks to have clear anatomical form, just like the wet tracks you make getting out of the shower on the bathroom floor, but real tracks are not like that. The ground is soft and deforms under pressure from the foot. A messy track like the one that David had found is far more convincing and real than one with a perfect set of toe pads. I remember swearing as I walked back to the sloth track I was working on. They did have human tracks after all, and more to the point, they were clearly associated with extinct Ice Age animals. I have made over 20 visits to White Sands since April 2017, and nothing quite compares to that moment of excitement. I was so pleased for David and for the park.





White Sands also has more conventional types of archaeology, most of which postdates the end of the Ice Age. There are some amazing hearth mounds, which give important insight into how this landscape was used in the past. Light a fire on gypsum, and if it burns for sufficient time, it drives water from the crystal structure of the gypsum beneath and forms something akin to plaster of Paris. Now add a bit of rain and it will set hard. Campfires made on the gentle windward slopes of gypsum dunes therefore create hard areas of cemented sand, and as the rest of the dune, made of loose sand, continues to migrate in front of the wind, the cemented area is left in the rear as an upstanding mound. Artifacts, food, and charcoal are sometimes cemented into these hearth mounds, and they can be found throughout the dunes at White Sands. They record human occupation in what is known as the Archaic period in American archaeology.15 Hearth mounds can be dated by charcoal via a technique known as radiocarbon dating (discussed in detail in a later chapter), but the exciting part of this is that the hearth dates form a distinctive pattern. This pattern mirrors the forward movement of the dune field as it migrated. Folks appear to have lived just inside the leading edge of the dune field and moved forward as the dunes migrated. Consequently, the hearth mounds get younger in the direction in which the dunes moved. In effect, people lived at the boundary between two habitats: the dunes, which would have afforded protection from the wind and elevation to scan the horizon, and the flat plain in front of the dune field, which would have been ideal for hunting. Humans across the world have often chosen mosaic habitats, and living on the edge of ecological boundaries affords the best of both worlds. This is potentially instructive with respect to the older footprints at White Sands. The Tularosa Basin has three major habitats: the former lake floor with its distinctive resources, the alluvial fans built up by seasonal streams that flow from the jagged mountains that define the basin edge, and the mountains themselves. Each of these three habitats would have offered different types of material resources for the people of the basin, and each habitat might have had advantages in different seasons. Living on the boundary of all three might have had real advantages.







Track Sites Around the World


We return to the story of the White Sand footprints in the next chapter, but from that fateful day in April 2017, the study of the human tracks gathered pace and has not stopped. Footprints are not always on the radar of conventional archaeologists, who are usually more concerned with material culture—the stuff often left behind as rubbish. Footprints tend to be the preserve of geologists and especially those who study sediments (sedimentologists), deducing how those sediments were deposited and in what sort of environments. For example, clays tend to mean quiet water, while gravel indicates a river and the larger flows of water necessary to move large stones. Human footprints were once considered to be “freak acts” of geological preservation, but this view has changed. The discovery of the Laetoli footprints in northern Tanzania by Mary Leakey in the late 1970s rocked the archaeological world.16 There, ancient footprints preserved in volcanic ash record the footfall of one of our ancestors (Australopithecus afarensis). Footprints were suddenly all the rage, especially when another set assumed to be those of Homo erectus was found about the same time at Koobi Fora in northern Kenya.17 But despite discoveries of tracks in European18 and North American caves,19 interest waned. Over the last 20 years, this has slowly changed with the realization that human tracks are quite common in the geological record20 and with the advent of tools to capture and preserve them in three dimensions. The pace of discovery has increased, since discovery breeds awareness, and where once footprint surfaces were undoubtedly destroyed in the quest for stone tools, folks are now taking more care. The study of human tracks is a branch of ichnology, derived from the Greek ikhnos, meaning “trace” or “track.” Some archaeologists see this evidence as inferior, preferring artifacts such as stone tools, but this is slowly changing.


At this point, it is perhaps worth stopping for a moment to describe the different types of footprint evidence found at White Sands and to explain how this site differs from other track sites around the world. Why is White Sands special as a track site? The simple answer is the size of the site. Most track sites around the world are quite small. For example, the original humanlike tracks at Laetoli in Tanzania cover an area of just 30 by 7 feet,21 although other animal tracks extend over much larger areas.22 The longest trackways at Ileret in Kenya are only a few feet long.23 The tracks on the edge of Lake Natron, again in Tanzania, are more extensive, but we are still talking a few hundred square yards at most.24 The tracks at cave sites both in Europe25 and North America26 are again limited to a few feet in area. At White Sands, tracks extend over tens of hundreds of yards. In fact, the scale differs over several orders of magnitude. White Sands probably contains hundreds of thousands of individual tracks based on a conservative estimate and may well harbor many more. It is this difference in scale that is important. Hunters on the savanna of Africa can track animals over many miles and can see the interaction of one animal with another from the trackways they leave. At White Sands, you can follow trackways for similar distances and literally indulge in paleo-tracking. That is what makes White Sands unique, and currently, it is the only track site like it in the world. But such dried lakebeds are common in Africa and across the American Southwest, and many of these sites have yet to be studied in the same way as those at White Sands. In time, we might find other track sites like White Sands, but for now it is unique. One word of caution is important here: The number of footprints does not equate simply to the number of animals. A small group of animals visiting the same site repeatedly and milling about can leave a lot of tracks.


During the Ice Age, North America had a diverse and rich fauna, including several large animals often referred to as megafauna. The definition of megafauna varies. For some scientists, it means an animal that weighs more than 100 pounds. For other scientists, the animal must weigh more than 2,205 pounds. The reason for this variation is because mega is a relative term. An ostrich, for example, is mega compared to a chicken, but not when compared to an elephant. Irrespective of definition, the fauna at this time was different and is richly recorded in the La Brea Tar Pits in California, which is found in Hancock Park, a suburb of Los Angeles (Figure 1.5). Here, natural tar rose to the surface and trapped Ice Age animals as they ventured close to the edge of the tar pool. In North America at this time, there were several different types of elephant-like animals, variants of the woolly mammoths that roamed in Europe, including Columbian mammoths, mastodons, and gomphotheres. There was a giant armadillo (glyptodont) and various species of giant ground sloths. In fact, giant ground sloths were diverse across the Americas at the time, with more than 40 different species in four families.27 Giant ground sloths were nothing like Sid and Sylvia of the Ice Age film franchise; they were much larger animals, weighing more than 800 pounds and often exceeding 2,000. From the fossil record, two genera are known from New Mexico: Paramylodon and Nothrotheriops, either or both of which may have been visitors to White Sands.28 The most distinctive thing about sloths is their mode of locomotion. With long wolverine-like claws designed to rip into trees, they have adopted a way of walking on the outside edge of their paws. As they walk, their front feet are overstepped by their hind feet such that one composite track is normally produced, and therefore their trackways often appear bipedal. Various camels, horses, and bison were also part of this rich fauna. The significance of this megafauna is that at the end of the Ice Age, more than 38 species went extinct, and we don’t entirely know why.29 Some people point to climate change,30 while others implicate human hunting.31 It is a point we will return to in a later chapter, but for now it is simply important to recognize that these Ice Age animals are part of the footprint record at White Sands.


At White Sands there are tracks of giant ground sloths; Columbian mammoths; probably mastodons, camels, bison, dire wolves, and dogs of all sorts; and occasional big cats. This, however, is not an accurate record of the White Sands fauna. Tracks of smaller animals are almost totally absent. For example, where are the birds? After many years of study, only a couple of bird tracks have been found. Were birds simply absent from the margins of this lake or wetland? The answer is no, since footprints selectively sample the fauna present. This is sometimes referred to as the Goldilocks principle of footprint formation.32 For a footprint to form, the mud must be firm enough to hold the weight of the animal so that it won’t flounder or sink, but soft enough for the sediment to deform under the weight of the animal to leave a track. Conditions have to be just right. If the mud is firm, it will sample only heavy animals able to deform the surface; things that are light, like birds, will go unrecorded. Moreover, a tiny print of a wading bird is more likely to be disturbed and buried in the sand by rising waters than is a track that is much bigger and deeper. The mud at White Sands must have been quite firm to allow the tracks of large mammoths to be left. In fact, there is evidence to suggest that the best tracks were formed during drier periods, when the water levels fell to reveal mud, which baked hard to preserve the tracks. As the water rose again, depositing sand over the tracked surface, the slightly indurated (cemented and hard) tracks were not easily washed away.


[image: A lithographic illustration of the La Bria Tar Pits. On the edge of the pool, the remains of a mammoth are partially submerged. On and around it, a sabertooth cat and a dire wolf snarl at and fight each other.]

Figure 1.5. A saber-tooth cat (Smilodon californicus) and a dire wolf (Canis dirus) fight over a mammoth (Mammuthus columbi) carcass at the edge of a tar pit at La Brea Tar Pits. Illustration by Robert Bruce Horsfall (from William Berryman Scott, A History of Land Mammals in the Western Hemisphere [MacMillan, 1913]).






The range of different types of track preservation at White Sands also makes it different from other track sites. The first type of tracks present can be described as pedestal tracks. These tracks have epirelief; that is, they stick up above the surrounding area. This type of track forms a flat-topped pedestal where once there was a track depression. The depression became infilled to the brim and cemented to form a hard surface. The surrounding softer sediment was then eroded to leave the pedestal upstanding. The cementing agent is normally calcium carbonate, although at White Sands it is actually dolomite. Dolomite is magnesium carbonate and is precipitated from a mixing of fresh and salt pore waters (pores are gaps between sand grains), coupled with repeated wetting and drying. Algal growth may also help, creating dolomite a bit like magic. Key in this process is the growth of algae in the damp recesses of a footprint, which can help trap sediment, especially where the algae have “sticky” filaments.33 This hard infill forms the pedestal as the ground around the track is lowered by erosion (Figure 1.6). We don’t really know what Ellis Wright found back in 1932, but our suspicion is that he saw one of these tracks—but made by a giant ground sloth, not Bigfoot. It is worth noting that pedestal tracks are almost impossible to excavate, although in some cases they can be inverted to reveal some anatomical detail. Their main value is that they provide a marker for foot placement.


Others tracks at White Sands are cemented tracks that have a combination of both positive and negative relief. The scientific term for negative relief (depressed footprints) is hyporelief, but it is not often used. These tracks are cemented, often by dolomite, and usually have a shallow pedestal form but also contain some negative relief. The original outline and shape of the track is visible in negative relief, but aspects are also picked out by positive relief. Look at the track in Figure 1.7. The forefoot, instep, and hindfoot of the track is defined in negative relief, but the toe pads stick upward. These tracks represent an intermediate form between pedestals, where the track morphology has been completely infilled, and more traditional tracks in negative relief. There are examples, particularly of mammoth tracks, where carbonated cements are less apparent and the sediment layers appear to have been simply consolidated by compression. Again, excavating these tracks is not possible because they are basically rock, but they do provide a bit more information than pedestal tracks do.


The final type of track at White Sands is that which still preserves the negative relief of the foot, just like the tracks you might leave if you walk on a beach today. The tracks are usually infilled with sediment, but this sediment is not cemented and with care can be removed via a brush or small dental probe. These are true tracks formed by the indentation of a foot into soft sediment, and both the fill and the surrounding material may remain unlithified, although not in all cases. At depth, these types of tracks commonly occur on indurated gypsum-rich silt layers and are infilled by softer clays and/or fine sands. The track in Figure 1.8A, for example, shows a human footprint imprinted into a more compact gray silty clay, which has then been infilled by reddish fine silty sand. In this case, the track is simply revealed by removal of the infill, thereby uncovering the original surface prior to burial of the track (Figure 1.8B). The track is not visible prior to removal, and it is crucial that the excavator reveals the surface topography rather than slicing down through the surface. In other situations, footprints can be recognized on the playa surface by faint changes in color and might appear or disappear with moisture changes, as described above.




[image: On a light-colored cemented surface, footprint-shaped plaques form a trackway that continues toward the horizon.]

Figure 1.6. Upstanding “pedestal” prints made by a giant ground sloth from White Sands Missile Range, just north of White Sands National Park.








[image: A beige-colored footprint slab sitting on a black gym mat. The foot-size slab shows a footprint in bas-relief. The main body of the footprint is slightly concave, but the toe pads are convex bosses on the surface. The print is a strange mix of both positive and negative relief.]

Figure 1.7. A human footprint at White Sands National Park composed of both negative and positive elements. Note the overall dish-shaped form of the main track. In contrast, the toe pads are upstanding.











Why Were Humans at White Sands?


The footprint story at White Sands is one of water—abundant, predictable water in a region where it was sometimes hard to find. Humans have always been drawn to water. We drink it; cook with it; swim, bathe, play, and boat in it. We use the plants that grow in water and the animals that come to drink at the water’s edge. In an arid landscape, water means life. For the small bands of humans who made their way into the arid West, places like Lake Otero provided stability and resource security. They offered reliable and predictable food and water within a new, uncertain, often changing landscape. Such stability helped ensure survival. Over time, it also fostered regional social cohesion. “We’ll meet again at the big lake when the days grow short and the cranes arrive,” people might have said to one another.


The predictability afforded by such places allowed groups to come together and linger, trade and socialize, play games, form and renew friendships, resolve disputes, and arrange marriages. These activities cemented ties among bands of people whose territories were scattered over thousands of square miles. Ultimately, they fostered a sense of shared identity reaching beyond the extended family groups that people spend most of their time in. As the centuries passed and language and customs inevitably changed, the differences that evolved between distant groups ultimately led to the emergence of distinct tribal nations. Even today, long after Lake Otero dwindled to become a seasonal playa called Lake Lucero, 32 Native American tribes and pueblos still have ancestral ties to White Sands.


[image: A: Close-up photograph of a human footprint picked out by red sediment, which is distinct from the lighter, buff-colored sand around it. B: Blue-to-yellow layers that pick out the same human footprint, with each color depicting a different depth.]

Figure 1.8. A: A large adult left footprint infilled by sediment at White Sands. B: A three-dimensional model of the same track from a more oblique angle. The scan is color-rendered by depth: the blue (darker) colors show low areas and the brown and yellow (lighter) colors show high areas. This is a large foot, with a length of around 260 mm, which in the United States is approximately a male size 8. Notice how the actual excavated track (A) is smaller than the surface area of the colored sediment.






We know little about those early Native American ancestors, the first people to walk the shores of Lake Otero. We do not know for sure when they first arrived, where they came from, or the route they took. Nor do we have any real idea what language they might have spoken. And we do not know what they looked like or what their genetic makeup might have been. The oldest genetic samples reported in the Americas postdate the footprints at White Sands by more than 10,000 years. The nearest sample of comparable age comes from southeastern Siberia, near Lake Baikal.


We also do not know what sorts of stone tools they might have used because we have yet to find any that are clearly in situ. For many archaeologists, finding stone tools is important because of what they can tell us about how people made and used them. Tools are designed for specific tasks and food sources. Their shared characteristics tell us about technological and information sharing, and the use of different raw materials can tell us about trade, as well as patterns of movement. There is a lot of information to be deduced from the simplest of tools. So why haven’t we found any stone tools? The answer is a bit of leap, but bear with us. You can usually find a stray coin in the fold of a sofa. Why? Because that is where you sit and rest. Yes, you might sometimes find a coin while walking, but it is less of a sure thing. Even the longest trackway at White Sands represents only a few minutes of time, maybe 30 minutes at most. The odds of a forager dropping (and not picking up) a valuable stone tool, transported from rock outcrops many miles away, are low. Find an overnight camp with a hearth and the odds will increase. So the absence of tools reflects the residence time of someone in the landscape. While members of the track team would love to have additional data that might come from finding ancient stone tools, we can still learn a great deal from the tracks themselves. In fact, there are things we can learn from tracks that we probably couldn’t learn any other way.









Visiting White Sands


White Sands makes for a great day out, with beautiful dunes set in front of a jagged mountain skyline. Whether you are there to look at the sands, take pictures, sled on the dunes, or simply chill with friends and family, you will have a good experience. Sadly, you will only see a small portion of the park, since much of it has restricted access and is still in co-use with the military. While you can trek to the edge of Alkali Flat to look out onto the former lakebed, you can’t go farther due to the unexploded ordnance that scatters the flats. This is where the tracks are located, in a strange way protected by the presence of the military and its missile debris. But over the last few years, the National Park Service has been working to bring the tracks to the visitor’s center, improving its exhibits and displays of the tracks. Recently, the Park Service also upgraded its Ice Age Trail, which visits a small playa a few hundred meters wide in front of the dunes. Her,e you can get a sense of what Alkali Flat is like, and while the surface is broken, there are fossil tracks on it. The display boards tell the track story and give a sense of the megafauna that once roamed the park.
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		Figure 1.1. The moment Ellis Wright found the first footprint at White Sands in 1932, reenvisioned by artist Karen Carr. The depiction of Ellis Wright is based on photographs provided to David Bustos by his family.



		Figure 1.2. A: Alkali Flat, which was an ancient lakebed, is now a dusty salt flat or playa. B: Selenite crystals are beautiful slivers that look like a sliced loaf of bread.



		Figure 1.3. A map showing the location of White Sands National Park within the Tularosa Basin, New Mexico. Base image courtesy of Google Earth.



		Figure 1.4. A set of mammoth “ghost prints” on Alkali Flat. Note that the skyline has been adjusted to obscure the precise location.



		Figure 1.5. A saber-tooth cat (Smilodon californicus) and a dire wolf (Canis dirus) fight over a mammoth (Mammuthus columbi) carcass at the edge of a tar pit at La Brea Tar Pits. Illustration by Robert Bruce Horsfall (from William Berryman Scott, A History of Land Mammals in the Western Hemisphere [MacMillan, 1913]).



		Figure 1.6. Upstanding “pedestal” prints made by a giant ground sloth from White Sands Missile Range, just north of White Sands National Park.



		Figure 1.7. A human footprint at White Sands National Park composed of both negative and positive elements. Note the overall dish-shaped form of the main track. In contrast, the toe pads are upstanding.



		Figure 1.8. A: A large adult left footprint infilled by sediment at White Sands. B: A three-dimensional model of the same track from a more oblique angle. The scan is color-rendered by depth: the blue (darker) colors show low areas and the brown and yellow (lighter) colors show high areas. This is a large foot, with a length of around 260 mm, which in the United States is approximately a male size 8. Notice how the actual excavated track (A) is smaller than the surface area of the colored sediment.



		Figure 2.1. A ground-penetrating radar survey looking for footprints. The ghost prints of a human are visible in the background. The lines in this survey are just 3 inches apart. The survey lines made by the wheels of the instrument will be gone in a few days. Tommy Urban, the team’s geophysics expert, is at the helm.



		Figure 2.2: The type of output produced by a ground-penetrating radar survey. On the left is the known pattern of footprints in this area. On the right is the processed radar signal. The red (darker) colors show areas of higher signal amplitude and the location of tracks. The large red areas are mammoth tracks. The smaller ones are a double trackway (Urban et al., “3-D Imaging”).



		Figure 2.3 (opposite page, above). A 3D model of a series of modern dog tracks made on a beach. Note how one animal can make a range of tracks depending on its motion, in this case as it watches for a thrown ball. The model was made using the smartphone app Scaniverse (v3.0.3) with the USDZ output visualized and rendered in the free software Blender v4.1.



		Figure 2.4 (opposite page, below). A series of 3D models of tracks made by the same individual walking at a similar pace on different substrates. Note how variation in the substrate causes variation in the morphology of the track created. The models were made using the smartphone app Scaniverse (v3.0.3) with the USDZ output visualized and rendered in the free software Blender v4.1.



		Figure 2.5. The morphology of a footprint is a function of the interaction of three variables: the shape or anatomy of the foot and its motion; the sediment or substrate properties of the ground; and the taphonomy, or processes, that happened to a track after it formed. The latter variables may involve changes made as the foot was removed or the fossilization process itself.



		Figure 2.6 (opposite page, above). Two surface scrapes at White Sands. A: A bunch of tracks and marks made in organic-rich sediment and infilled by silts and sands of different colors. B: Track of a cow-like animal, and beyond it, the outline of a human track. These tracks are within half an inch of the playa surface.



		Figure 2.7 (opposite page, below). An excavated track surface at White Sands with golfing tees and labels attached to each print. This system allows the excavators to record individual prints. The numbers simply come from the order in which labels were picked out of the bag!



		Figure 2.8 (opposite page). The morphology of a track is a combination of elements, including size, form (triangles, circles, etc.), and topology, which is the variation in depth across the track. Depth variation tells you about the pressure applied by the foot in different places. It is important to also note that one animal (in this case, a dog) can leave lots of different track morphologies, and you must look at this variation to distinguish one animal from another. Among the tools we use to analyze a track are shape statistics that remove the complication of size. A Generalized Procrustes Analysis is a common solution. It transforms prints mathematically, so they are superimposed on top of each other with size removed.



		Figure 2.9. Creating a mean track. We begin with a series of 3D models, color-rendered by depth (Tracks 1 to 3). By superimposing these images one above the other so that the same anatomical points correspond in all three, we can compute a mean track (instead of picking the track that best suits your argument). This is a powerful way of reducing variability in analyses (Bennett et al. “Laetoli’s Lost Tracks”).



		Figure 2.10. A series of modern human footprint silhouettes. Note the diversity of anatomical morphology. It is quite common for the smallest toe not to register (see the rightmost example) and for the longitudinal lateral arch to vary in morphology (that is, some people are flat-footed).



		Figure 2.11 (opposite page, above). A three-dimensional model of a modern barefoot track viewed obliquely and made on a damp gypsum playa, just like that at White Sands. Note how elongated the toes are due to slippage and the movement of sediment to the rear of the footprint behind the rotating and slipping ball of the foot. Sediment has been pushed up on the lateral edge, or outside, of the track, and a small block has fallen into the track to cover part of the toes. There are also cracks at right angles to the print margins. This is a real footprint in every sense of the word, but differs from what folks often think they look like (cf. Figure 2.10). Prints by the same maker are seen in Figure 2.4.



		Figure 2.12 (opposite page, below). The tortuosity of giant ground sloth trackways in the presence or absence of a human track. Each dot is a sloth print. The human foot symbols mark places where a human trackway comes close to or crosses a sloth trackway.



		Figure 2.13. A cast of a Folsom point. Folsom ranges from about 12,800 to about 12,200 years ago and is just younger than Clovis (about 13,400 to about 12,400 years ago). Photograph by and courtesy of Vance Holliday, from the collection of C. V. Haynes, School of Anthropology, University of Arizona.



		Figure 3.1. A reconstruction of the giant ground sloth Nothrotheriops shastensis as envisaged by Gabriel Ugueto. Note the mediolateral feet and the long claws.



		Figure 3.2. A three-dimensional model of a giant ground sloth track with a human track inside it. It is part of a trackway on the west side of Alkali Flat, in which every step has a superimposed human-on-sloth print. B: A mold of a claw from the giant ground sloth Nothrotheriops shastensis. Such claws were used to rip into the bark of trees and shrubs, and would have been fearsome during a defensive encounter.



		Figure 3.3. A sloth hunt as envisaged by Karen Carr. Distraction was key to the hunt.



		Figure 3.4. A selection of large mammoth tracks from White Sands. They are generally large, so we are certain they were made by Columbian mammoths rather than mastodons. A: A mammoth track with a human track in the middle; both have deformation rims. B: A classic mammoth track with concentric rims caused by deformation around the foot. C: Manus (front) print and pes (back) tracks just overprinting one another, forming a distinctive figure eight pattern. D: A mammoth track with large deformation rings around the print. E: A smaller mammoth track with less deformation around the actual track. The central basin is close to the size of the animal’s foot.



		Figure 3.5. Mammoths of White Sands as envisaged by Karen Carr. Note the distant campsite. If mammoths were hunted, carcasses would have most likely been processed close by.



		Figure 3.6. Body prints of an elephant and mammoth? A: A head impression of a juvenile elephant at Chester Zoo in the United Kingdom. B: A 3D model of a mammoth impression at White Sands. The images are remarkably similar, and the modern example shows that face impressions are possible. Photograph reproduced with permission of Chester Zoo.



		Figure 3.7. Children playing in footprint puddles at White Sands as envisaged by Karen Carr.



		Figure 3.8. Handprints on one of the upper benches in the section shown in the previous image. The wooden stick and the makeup brush are tools of the ichnologist.



		Figure 3.9 (opposite page, above). Children crawling in the mud at White Sands as envisaged by Karen Carr.



		Figure 3.10 (opposite page, below). The double trackway journey as envisaged by Karen Carr. The artwork shows a woman, but we don’t know for sure that the individual wasn’t an adolescent male. One has to be careful with gender stereotypes, even in the past.



		Figure 3.11. A: One of the undisturbed human tracks from the double trackway. Most of the tracks show evidence of slippage and are therefore elongated, but this track gives a true estimate of the size of the human foot that made the prints. B: A series of three-dimensional false-color models of tracks from the double trackway, showing deformation and slippage. Note the elongated toes and compare these with the modern example from a similar playa shown in Figure 2.11.



		Figure 3.12. The double trackway at White Sands is remarkable for its length and just how straight both the outward and return journeys were. Here, the two trackways are viewed looking north. The skyline has been amended, since the area overlooks the White Sands Missile Range.



		Figure 3.13. A linear structure found at White Sands. Note how it contrasts with tire marks made by the UTVs.



		Figure 3.14. Different types of travois in use at White Sands as envisioned by Gabriel Ugueto.



		Figure 4.1. How is a footprint dated? Answer 1 involves biostratigraphy. If a set of animals left footprints at the same time, determined by how they crosscut one another, then you know the tracks were made when they all lived. If some of those animals became extinct at the end of the Ice Age, the tracks must date before then. Answer 2 involves finding something to date below the track. You know the track is younger than what has been dated, but not how much younger. Answer 3 is the ideal solution, with a date above and a date below the footprint to age bracket it. Answer 4 is included for completeness. In theory, you can bracket the age of a footprint between two stone tool cultures, the one beneath being older than the one above. This method does not currently apply at White Sands, however.



		Figure 4.2. Different types of excavation. A: A natural section cleaned off for study. B: A trench dug at WHSA Locality 2. David Bustos is at work excavating a footprint on the floor of the trench.



		Figure 4.3. Ruppia (common ditch grass) seeds, with their distinctive shape, used to date the footprints at White Sands.



		Figure 4.4. Jeff Pigati and Kathleen Springer try to work while being filmed in the trench dug at WHSA Locality 2 in January 2020. This trench was extended during fieldwork in January 2022. Note that the skyline in the photograph has been altered.



		Figure 4.5 (opposite page). The side wall of the main trench at WHSA Locality 2, White Sands. The locations of mammoth tracks and human track layers are shown.



		Figure 4.6 (left). An illustration of the formation of some of the natural footprint surfaces in the vicinity of WHSA Locality 2. It shows the interplay between gypsum sands blown in from the lakebed and slope-washed material, both of which overlie lake sediments. The exposed sediment surfaces are subject to wetting and drying cycles, which promote cementation by dolomite.



		Figure 4.7 (above). The principles of radiocarbon. The upper panel shows how carbon-14 is created and incorporated into living organisms. The lower panel shows how this carbon decays radioactively over time in an exponential fashion based on the material’s half-life. This process starts at death.



		Figure 4.8 (opposite page, above). The calibration of radiocarbon dates. The upper illustrations show how you can create a chronology (dendrochronology) by looking at the distinctive pattern of tree rings. Wide rings correspond to good growing seasons and will be common to trees in the region. You can match wood samples of various ages to create a calendar and count rings to get the age. If you know the date of specific tree rings (lower right illustration), you can compare the radiocarbon age with the calendar age to create a calibration curve, as shown in the graph on the left.



		Figure 4.9 (opposite page, below). A sample calibration curve. On the vertical axis are the carbon-14 values obtained from the dating process; these follow a normal distribution, as shown. The dotted horizontal lines extend to the calibration curve and down to the calendar age. Note that in this case, the potential age falls in two distributions with different probabilities: There is a 76 percent chance that the age is between 21,100 and 21,500 years BC, but also a small chance (18.7 percent) that it is older.



		Figure 4.10. Stratigraphic log with radiocarbon dates for part of the WHSA Locality 2 trench at White Sands (Bennett et al., “Evidence of Humans in North America”). The footprint horizons are labeled TH1 to TH8. TH stands for “track horizons.”



		Figure 4.11. The number of tracks excavated at each track horizon and the basic inferences about stature, track-maker age, and walking speed. MNT stands for “minimum number of track-makers.”



		Figure 4.12. Colorized scanning electron microscope image of pollen grains from a variety of common plants: sunflower (Helianthus annuus), morning glory (Ipomoea purpurea), prairie hollyhock (Sidalcea malviflora), oriental lily (Lilium auratum), evening primrose (Oenothera fruticosa), and castor bean (Ricinus communis). Courtesy of Dartmouth Electron Microscope Facility, Dartmouth College.



		Figure 4.13. New pollen and OSL dates confirm the original stratigraphy and age of the footprint layers.



		Figure 5.1. North America during the last glacial maximum. Exposure of the continental shelf (reduced sea level) is based on national bathymetry and a range of published sea level curves. Ice margins courtesy of Dalton et al., “Evolution of the Laurentide and Innuitian Ice Sheets.”



		Figure 5.2. A cast of a Clovis point. Photograph by and courtesy of Vance Holliday, from the collection of C. V. Haynes, School of Anthropology, University of Arizona.



		Figure 5.3. North America about 14,000 years ago, showing the ice-free corridor between the Laurentide and Cordilleran ice sheets. Exposure of the continental shelf (reduced sea level) is based on national bathymetry and a range of published sea level curves. Ice margins courtesy of Dalton et al., “Evolution of the Laurentide and Innuitian Ice Sheets.”



		Figure 5.4. North America before the last glacial maximum, about 30,000 years ago, as the ice-free corridor opened. Exposure of the continental shelf (reduced sea level) is based on national bathymetry and a range of published sea level curves. Ice margins courtesy of Dalton et al., “Evolution of the Laurentide and Innuitian Ice Sheets.”



		Figure 6.1. An interpretation of life in the vicinity of WHSA Locality 2 at the height of the last glacial maximum. The number of young adolescents seems to be borne out by the size of the footprints at this site. It is a happy, gentle scene, and that is how we like to think of White Sands in the past—as a place of abundance where people met from time to time.



		Figure 7.1. Key features in the terminal Ice Age or Pleistocene. The graph shows the variation in oxygen isotopes (temperature) extracted from ice cores in Greenland. The Holocene is the current interglacial. The last glacial maximum is shown, as is the Younger Dryas. The latter was a short, sharp return to glacial conditions right at the end of the Pleistocene.



		Figure 7.2 (opposite page, above). Key families and species in the order Proboscidea. The ticks indicate whether fossil footprints have been recovered. Tracks from the United Arab Emirates (UAE) are some of the oldest known proboscidean tracks, while those of Palaeoloxodon have been recently documented from Portugal.



		Figure 7.3 (opposite page, below). The proboscidean track from White Sands on the left consists of a series of concentric ridges. The actual track is the inner ring, and those around it are pushed up by the weight of the foot, as shown on the right.



		Figure 7.4. A schematic illustration of a graphic log and an associated environmental picture using Walther’s Law. The vertical succession of environments in the log represents the spatial pattern on the ground. It involves substitution for time and space.



		Figure 7.5. A schematic illustration of the different types of excavation undertaken at White Sands and similar sites in the American Southwest. A: A natural bluff or cliff with benches. B: A trench. C and D: How natural surfaces can be exposed.



		Figure 7.6. At an ancient lakebed with tracks (not White Sands), Sally Reynolds cleans a vertical face to reveal the stratigraphy. A series of benches is cut into the face so that true bed thickness can be measured. Benches often contain footprints.



		Figure 7.7. This is a typical excavation strategy for footprints. Note that it may need tailoring if there are archaeological considerations on the site. Modified from Bennett and Budka, Digital Technology.



		Figure 7.8. An illustration defining step and stride length in a trackway. The inset graph shows the empirical relationship between velocity and stride length.



		Figure 7.9. The modern growth curve for African elephants. By analogy, we can use this information to make a first approximation of the height and age of a mammoth.











Guide





		Cover



		Title Page



		Copyright



		Contents



		Foreword



		Acknowledgments



		Chapter One. First Sight of White Sands



		Notes



		Index



		Start of Content











Pagebreaks of the Print Version





		Cover Page



		ii



		iii



		iv



		v



		vii



		ix



		x



		1



		2



		4



		3



		6



		5



		8



		7



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		21



		19



		20



		23



		22



		24



		25



		26



		29



		27



		28



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		52



		51



		53



		54



		55



		56



		57



		58



		59



		60



		61



		63



		62



		66



		64



		65



		67



		68



		69



		72



		70



		71



		73



		75



		74



		76



		79



		77



		78



		80



		83



		81



		82



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		94



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		113



		112



		114



		115



		117



		118



		116



		119



		120



		121



		122



		123



		124



		125



		127



		126



		129



		128



		130



		131



		132



		133



		134



		136



		135



		137



		138



		140



		139



		141



		142



		143



		144



		145



		146



		147



		148



		149



		150



		151



		152



		153



		154



		155



		156



		157



		158



		160



		159



		161



		162



		163



		164



		165



		166



		167



		171



		168



		169



		170



		172



		173



		174



		175



		176



		177



		178



		179



		180



		181



		182



		183



		184



		185



		186



		187



		188



		189



		190



		191



		192



		193



		194



		195



		196











OEBPS/images/titlepage.jpg
How Ice Age Footprints in
New Mexico Retell the Stories
of the First Americans

MATTHEW R. BENNETT
DAVID F. BUSTOS
DANIEL ODESS

University of New Mexico Press

WALKED
BEFORE

Albuquerque





OEBPS/images/pg5.jpg





OEBPS/images/pg8.jpg





OEBPS/images/pg3.jpg





OEBPS/images/9780826369420.jpg





OEBPS/images/pg17.jpg





OEBPS/images/pg7.jpg
Alkali Flat
. (Paleolake Otero)

/ White Sands
ke Lucero  National Park






OEBPS/images/pg19.jpg





OEBPS/images/pg20.jpg





OEBPS/images/pg22.jpg
uoneujwex3 pue aimded Sden enbia





