Fossils

Fossils are the remains or other evidence of plants or animals that lived at least 10,000 years ago. Fossils can provide a glimpse back to when life first emerged (some 3.8 billion years ago), or to when dinosaurs roamed Earth (some 225 million to 65 million years ago), or to when our modern human ancestors appeared (only about 40,000 years ago). The study of fossils, and the life they represent, is called paleontology.

Some fossils are very tiny, having been left by single-celled organisms; others are enormous, such as those of the dinosaurs. Most fossils have been found in sedimentary rock that formed in layers over the ages, but other fossils, such as those of insects, occur in amber, the hardened resin of conifers. Fossils also have been discovered in ice and frozen soil, peat bogs and tar pits, and in ancient feces, called coprolites, which can give a good indication of what animals ate many millions of years ago.

Types of Fossils
Fossils are divided into two types: body fossils, the actual bodies or body parts of organisms; and trace fossils: burrows, tracks, or other signs of an organism's activities.

Body Fossils
The most-common body fossils are shells, bones, teeth, and other indigestible material that cannot be eaten and, over the years, is buried and preserved.

Shells, whether from microscopic creatures or large clams and snails, are the most frequently found body fossils. Their original calcium carbonate is often preserved chemically intact. Significant chemical change may occur, however, especially if water seeping through the rocks dissolves the shell (leaving only its shape behind), or if the water carries minerals such as silicon dioxide, which eventually replace the original calcium carbonate.

Bones are made primarily of calcium phosphate with spaces for organic material. When this organic material decays, the spaces typically fill with other minerals. This process makes the bone heavier and harder, but usually does not change the chemical composition of the actual bony material. Teeth, also made of calcium phosphate, are harder and have fewer spaces than bone, so they usually undergo little change over the ages.

Plants and soft animals also may be preserved, but usually as imprints in rock that remain when the rock hardens and the organic material decays. When a large amount of plant and animal life is buried and certain pressure and heat conditions exist, it can turn into coal or petroleum, usually without leaving fossils.

Petrified wood is fossilized wood in which the wood has essentially turned to stone. When the wood is buried, the spaces within it start filling up with silica and other minerals. Eventually the wood itself is completely replaced by minerals, leaving behind stone that looks much like the original wood.

Trace Fossils
Types of trace fossils include trails, burrows, tracks, feces, and tools left behind by ancient life-forms. Trace fossils help scientists understand the various life habits of a prehistoric animal, and sometimes even its species and size. In some cases, the only evidence we have of an early organism is scanty chemical traces found in rock. These, too, can be analyzed for clues about ancient life.

Intact dinosaur eggs and eggshell fragments have been discovered, sometimes in or near a nest. Studying these fossils in the context of their location not only can give information about dinosaur reproduction, but also can reveal much about their parenting habits.

Fossil-Age Determination
The age of fossils can be determined by various methods. One relatively simple method is to compare fossil-rich rock samples in one area with those from another area whose age is known. A more exact method relies on analysis of radioactive materials present in the sample. This method, known as radiometric dating, is based on what already is known about the rate at which radioactive elements in the rock decay, or give off radioactivity as they transform into other, more-stable elements. A familiar type of radiometric dating is called carbon-14 dating, so named because it is based on the decay of an isotope of radioactive carbon in the sample. This is fairly accurate for determining ages of up to about 35,000 years. Other radioactive elements in the sample can be analyzed to determine the age of rocks that are millions, or even hundreds of millions or billions, of years old.

Geologic Time Scale
In the early 1800s, geologists discovered that there were distinct sequences of strata in sedimentary rock that were similar in different parts of the world. They also found that there were distinct fossils in each of these strata. By studying these fossils and strata sequences, they began to gain a better understanding of what life existed where and when in prehistoric times, and what happened geologically, geographically, and environmentally to affect this life. These studies also can give information about the evolution and extinction of species, and have provided the basis for many of the current theories on the development of modern life.

The study of fossils led to the development of the geologic timescale, which describes the past 570 million years by dividing the time into eras, periods, and epochs. The eras are the largest of the scale divisions, and are separated from each other by geologic events that changed the environment and gave rise to new forms of life. While a true, linear evolution has not been established, the study of fossils and their place on the timescale makes it clear that evolution did take place, and that environmental changes are the driving force in evolution.

Precambrian Time

Precambrian time covers the entire time from the formation of Earth, more than 4 billion years ago, to the start of the Paleozoic era, about 570 million years ago. Life appeared about 3.8 billion years ago in the form of very simple and primitive one-celled organisms. There are few actual fossils from this time, but as chemical and other types of analysis become more sophisticated, scientists can draw conclusions that help provide information about this very long part of Earth's history.

Paleozoic Era

The Paleozoic era lasted about 345 million years, from 570 million years ago to 435 million years ago. Fossils from early in this era indicate that life was limited to the oceans, and animal life was limited to simple invertebrates. By the end of the era, plants and animals had established themselves on land, and vertebrates such as fish and reptiles had evolved.

The Cambrian period. The earliest part of the Paleozoic era lasted about 70 million years and was marked by invertebrate animal life in the seas. Fossils indicate the presence of early mollusks and snails, burrowing worms, and a wide variety of shelled marine animals. There were simple plants in the ocean, and lichens on land. The dominant early chordate, a forerunner of vertebrates, was the trilobite, a small, flat arthropod whose body was divided into three sections, or lobes. There were also many small, clamlike invertebrates and spongelike invertebrates with shell-like structures inside or around their bodies. Most of North America was underwater during this period, and the climate worldwide was warm.

The Ordovician period. The Ordovician period lasted about 70 million years, from 500 million years ago to about 430 million years ago. Landmasses were shifting, and life flourished mainly in the seas. Plant and animal life was similar to that at the end of the previous period, but a new group of invertebrates, the graptolites, developed structures suggestive of a spinal cord. Crinoids, or sea lilies, predecessors of the starfish, attached themselves to shells and rocks. The first primitive fish and the first vertebrates also appeared during this period.

The Silurian period. The Silurian period lasted about 35 million years, from 430 million years ago to 395 million years ago. The first air-breathing animal, a scorpion, evolved during this period, as did the first vascular plants (land plants with an internal system for transporting water and nutrients). Marine invertebrates were still dominant in the seas, although the trilobites were in decline. Corals were abundant, their remains building large reefs in many areas. Sea lilies and sea scorpions were common.

The Devonian period. This interval lasted about 50 million years, from 395 million years ago to 345 million years ago. Marine vertebrates, such as small sharks, and the lungfish the first true, or bony fish were dominant; these lungfish were capable of gulping air. Land plants, including trees, were widespread. Early amphibians were evolving, and the earliest known insect emerged. The first land vertebrates, amphibians called stegocephalians for the bony armor on their heads, appeared.

The Carboniferous period. This period from 345 million years ago to 280 million years agois sometimes broken into two periods: the Mississippian and the Pennsylvanian. Sharks dominated the seas, and stegocephalians the land. Land plants proliferated, creating dense tropical forests that would later give rise to coal deposits (thus the term "carboniferous"). The first reptiles evolved, joining land animals such as spiders, cockroaches, and scorpions. Also flourishing at this time was the largest insect ever known - a dragonfly with a wingspan of 29 inches (74 centimeters)!

The Permian period. The Permian period lasted from 280 million years ago to 225 million years ago. During this period, the seas retreated, and many marine animals disappeared. As more land appeared, reptiles spread and evolved rapidly. Some were fast and lizard-like; others were sluggish and semi-aquatic. The Theriodonts, a small group of carnivorous reptiles with teeth and skulls, would ultimately give rise to the mammals. The trilobites became extinct.

The Permian period and the Paleozoic era ended with approximately 1 million years of geologic change called the Appalachian Revolution. During this time, the continents lifted, and huge mountain ranges formed. Seas drained, and deserts appeared, leading to the extinction of many plants and animals that were not able to adapt to their new environments.

The Mesozoic Era

The Mesozoic era lasted about 160 million years, from about 225 million years ago to 65 million years ago; it often is called the Age of Reptiles because these animals were dominant throughout the era.

The Triassic period. The Triassic period, from 225 million years ago to 195 million years ago, was when the dinosaurs first appeared. These creatures were large but not as large as the dinosaurs that would evolve later in the Mesozoic era. The Triassic dinosaurs were slender and rarely reached a length of 15 feet (4.5 meters); they ran on their hind legs. Aquatic reptiles, the ichthyosaurs, were slender, dolphin-like creatures that grew to be 30 feet (9 meters) long. Flying reptiles (the pterosaurs) and the first mammals also developed during this period. The forests were dominated by conifers, although flowering plants, the angiosperms, were beginning to evolve.

The Jurassic period. The Jurassic period, from 195 million years ago to 135 million years ago, was a time dominated by dinosaurs. This was the age of Supersaurus and Tyrannosaurus rex, of Iguanodon and Triceratops.

Also during the Jurassic period, Archaeopteryxa seagull-sized bird with avian-like feathers, but also a number of reptilian characteristicsappeared. The mammals beginning to emerge during the Jurassic period were very primitive, and mainly smaller than a dog.

The Cretaceous period. The Cretaceous period, from 135 million years to 65 million years ago, began with reptile domination, but ended with most of themincluding the dinosaursextinct. Snakes and small mammals were evolving. Plant life underwent significant evolution, as flowering plants thrived and became widespread. Poplar and fig trees appeared toward the beginning of the period; by the end, many modern trees and shrubsincluding walnut, oak, holly, and maplewere common.

The Cenozoic Era

The Cenozoic era began about 65 million years ago, and is the era in which we now are living. It is divided into two periods: the Tertiary, also known as the Age of Mammals, which lasted 63 million years; and the Quaternary, which includes the past 2 million years.

The Tertiary period. When this period began, mammals were small and walked on all fours. Of the seven groups of mammals in existence, three predominated: creodonts, amblypods, and condylarths; all are now extinct. The other four: primates, marsupials, insectivores, and rodents still exist today.

As the period progressed, birds and mammals became more advanced; some early relatives of modern animals including the eagle, horse, monkey, and whale appeared and rapidly evolved to adapt to cooler and drier conditions. The horse, for example, was evolving a one-toed foot that was better suited to running along plains than was its original five-toed foot. Its body also was becoming larger, evolving from the tiny 12-inch (30-centimeter)-tall Hyracotherium (formerly Eohippus) toward its current descendant, several times larger.

The first dogs and cats were vicious predators. The dogs would evolve further into their modern relatives such as wolves and bears; the cats evolved into two separate lines. One of these, the true cats, includes the lions and tigers of today; the other, the saber-toothed cats, became extinct. Primates also evolved significantly during the Tertiary period, taking on more characteristics of modern monkeys and apes, including larger brains, and hands with an opposable thumb.

The Quaternary period. The Quaternary period began about 2.5 million years ago with the Pleistocene Ice Age, which lasted until only about 10,000 years ago. During this time, huge glaciers moved southward, covering as much as one-third of Earth's surface. These movements of ice, called glaciations, brought about enormous changes in climate and the environment, which, in turn, forced animal and plant life to adapt. Many species became extinct, but new species including human beings emerged that were better able to adapt to the changes.

The mammals alive at the start of the Quaternary period were generally larger than their modern relatives. Mammoths and mastodons, similar to the elephant but much larger, were widespread at the start of the period, but extinct by the end of the Pleistocene Ice Age.

The earliest humans emerged near the start of the Quaternary period. By about 250,000 years ago, Homo sapiens had emerged, although they did not become identical to modern humans until less than 40,000 years ago. Modern humans have a large brain and undertake higher functions such as planning hunting, developing weapons, and creating paintings and drawings to record activities and ideas. 

