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INTRODUCTION


Mental time travel is an incredible ability – we use our imagination to recall past experiences, picture the future and even transport ourselves to a different era without ever leaving our current location. Physical time travel remains in the realm of science fiction for now. But what if you could touch the past? What if you could see a creature that lived millions of years ago or discover a species that has lain hidden for thousands of years? For palaeontologists, this type of time travel is possible, and their discoveries are helping us to unravel the mysteries of Earth’s 4.6-billion-year history.


Palaeontology is the scientific study of ancient life, including the evolution and behaviour of extinct organisms. Unlike archaeologists who dig up artefacts and architectural ruins to understand the earliest human cultures, palaeontologists focus on the fossils of ancient life – bacteria, fungi, plants and animals, including your childhood favourite: dinosaurs. This book takes you on a whirlwind tour of the subject, revealing our planet’s distant past and the creatures that once walked where you do today.
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FINDING FOSSILS


Over 99 per cent of all species that ever lived on Earth are now extinct. So how do we know about any of them? The answer lies beneath your feet – in fossils preserved in the ground. Humans have been finding fossils for millennia, but the scientific field of palaeontology was not established until the nineteenth century. This chapter will introduce you to some of the most important palaeontological techniques developed over the last two centuries, including the methods for finding, dating and identifying fossils. You will discover how these ancient relics allow us to reconstruct our planet’s past and evolution, and why they are critical to our understanding of life on Earth. By the end of this chapter, you will understand why the future of palaeontology is exciting, with technological advancements and an increased rate of discoveries expected to bring more breakthroughs than ever before.


What is a fossil?


To decipher the history of the Earth, palaeontologists rely on fossils. Derived from the Latin word fossilis meaning “unearthed” or “dug up”, fossils are naturally preserved remains or impressions of prehistoric life. They are usually over 10,000 years old and found in the Earth’s physical structure or substance. Subfossils are anything up to around 50,000 years old, such as giant ground sloths located in South America. The “fossil record” is the entirety of fossils found to date, grouped into two categories:


[image: ] Body fossils – parts of organism bodies, such as skeletal remnants, feathers or leaves.


[image: ] Trace fossils – the indications of ancient activity, such as footprints, burrows or faeces.


Fossils allow palaeontologists to identify the organisms of the past, but the context in which they are found – or more accurately, preserved – is just as critical to revealing the secrets of ancient life.


 


 


 


 


Making fossils


Fossilization – the process by which fossils are formed – is rare. Most organisms quickly decompose, but a few get covered by sediments soon after death (usually under ancient seas, lakes and rivers) and begin one of the following processes:


[image: ] Petrification/Permineralization – the most common method: mineral-rich water enters the organism and the remains turn to stone.


[image: ] Compression – high pressure creates a dark imprint of the remains.


[image: ] Moulds and Casts – deposits of sediment or minerals enter the cavities of the organism, causing a three-dimensional impression.


[image: ] Replacement – remains dissolve and are replaced by a different mineral.


[image: ] Preserved Remains – the rarest method, the organism is frozen, dried or encasedby naturally occurring phenomenon including cold storage, natural paraffin and amber.


 


 


 


 


Fossil hunting


Fossils can lie hidden for thousands, even millions of years. But they are not mined out of the earth like jewels. In fact, most fossils become exposed by the natural processes of erosion. Geological maps are used to locate rocks that are the correct age for the desired fossils. For instance, if you are searching for dinosaur fossils, you need rocks from the Mesozoic Era. Palaeontologists often target deserts because they have sedimentary rocks and no plants or soil covering them up.


Teams of palaeontologists explore huge areas on foot to find fragments of fossils and promising sites. Once a spot is identified, the excavation work begins – with the aid of rock hammers, chisels, pickaxes, shovels and other equipment.


Fossil hunting requires a mix of skill, science, patience and luck. There are also many examples of accidental discoveries. In 1999, the palaeontologist Jason Pool was on a dig in Montana when he went on a toilet break in nearby bushes and stumbled across a rare Allosaurus fossil. It became known as Urinator montanus.


And if you are not a palaeontologist, you can still contribute to the science. In 2022, nine-year-old fossil collector Molly Sampson picked up a megalodon (a sort of prehistoric shark) tooth on a beach in Maryland – it was 12.7 centimetres long and considered a “once-in-a-lifetime” find. That same year, a designer named Ou Hongtao was at a restaurant in Sichuan province, China, when he spotted oval pits in the stone floor – they were the footprints of two dinosaurs from 100 million years ago.




THE BONE WARS


In the late 1800s, there was a raging rivalry between the American palaeontologists Othniel Charles Marsh and Edward Drinker Cope. In an effort to gain fame and glory, they tried to outdo each other in their quest to find new species of prehistoric creatures. Their use of bribes, tricks and even dynamite scandalized the scientific community and eventually left both men destitute. But their efforts were not in vain; 20 years of competitive fossil hunting led to the discovery of 136 new species of dinosaurs and the first complete skeletons.





 


 


 


 


How are fossils dated?


Figuring out the age of a fossil is key to understanding it, but the answer is not found in the fossil itself. As the palaeontologist Henry Gee once wrote, “No fossil is buried with its birth certificate”. Instead, scientists use two techniques to decipher the age of rocks and fossils, known as absolute and relative dating.


ABSOLUTE (OR NUMERICAL) DATING


Absolute dating tells us the actual age or date range of fossil material and is useful for volcanic rocks and minerals. The most common method is radiometric dating, which analyzes the amount of radioactive decay in the minerals of the rocks. The level of this decay is constant over time and provides the age of any fossils found within the rocks.


RELATIVE DATING


A fossil’s relative age can be determined by looking at its position in a layered sequence of sedimentary rocks, a process known as stratigraphy (the flat, horizontal layers of rock are called “strata”). One rock layer, and the fossils within it, will be older or younger than another layer based on its relative position. The “principle of superposition” means that younger rock layers, or strata, are usually above older rock layers. This method puts geological events in chronological order, without a specific numerical age assigned to the rocks.


An alternative method is “rock magnetism” (or palaeomagnetism), which examines the magnetic minerals in ancient rocks to determine the orientation of the Earth’s magnetic field at the time the rocks were formed.


The most effective approach for fossil dating is to combine techniques by establishing relative age relationships between local rock units, indexing fossil ages for the sedimentary rocks and radiometric and magnetic dates where possible.


 


 


 


 


Identifying fossils


Once a fossil is found, palaeontologists begin trying to ascertain what it is. This is complicated because many fossils are poorly preserved, broken or partially covered in the matrix of the surrounding rock. Most fossils are identified based on their shape and forms of symmetry, and then compared and matched with remains from better-preserved specimens. Minute and chemical details can also be analyzed for precise classification.




THE START OF LIFE


Stromatolites are the oldest fossils ever found, dated between 3.5 and 4 billion years old. Curiously, they resemble giant cauliflowers. For 2 billion years, these layered rocks dominated our planet, and the Cyanobacteria – a form of microscopic single-celled organism – that formed them, released the oxygen necessary for other life forms to evolve. They are the reason you are alive today! You can still find them in the Bahamas and in Shark Bay, Western Australia.





 


 


 


 


Beyond hammers and chisels


Picture a palaeontologist and you may envisage someone in a desert chipping at bones in the ground. While fieldwork is integral to the discipline, another site where discoveries occur is the laboratory. Fossils are partial clues about ancient existence, and deciphering them requires the use of cutting-edge technology. In 1969, palaeontologists conducted one of the first computer simulations of animal movement on fossilized trails. In the twenty-first century, technology has triggered what many call the “Golden Age of Palaeontology”. For instance:


[image: ] Artificial intelligence – scans and analyzes landscapes looking for prime fossil sites.


[image: ] Micro-computed tomography scanning (µCT) – a non-destructive tool that creates detailed three-dimensional images to see inside objects.


[image: ] Big-data processing – allows specimens from across the world to be compared.


 


 


 


 


The greatest story ever told


(BYA = billion years ago, MYA = million years ago)
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VERTEBRATES


There is a subdivision of palaeontology that regularly inspires both news headlines and movies. Vertebrate palaeontology involves the study of extinct animals with backbones (or notochords), including fish, amphibians, reptiles, birds, mammals and – you guessed it – dinosaurs. While vertebrates only make up less than 5 per cent of all animal species on our planet, their larger body size and sophisticated adaptations have allowed them to dominate the land and seas for millions of years.
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