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Fossils (from Latin fossus, literally “having been dug up”) are the preserved remains or

traces of animals, plants, and other organisms from the remote past. The totality of fossils,
both discovered and undiscovered, and their placement in fossiliferous (fossil-containing) rock
formations and sedimentary layers (strata) is known as the fossil record. The study of fossils
across geological time, how they were formed, and the evolutionary relationships between taxa
(phylogeny) are some of the most important functions of the science of paleontology. Such a
preserved specimen is called a “fossil” if it is older than some minimum age, most often the
arbitrary date of 10,000 years ago. Hence, fossils range in age from the youngest at the start of
the Holocene Epoch to the oldest from the Archaean Eon several billion years old. The
observations that certain fossils were associated with certain rock strata led early geologists to
recognize a geological timescale in the 19th century. The development of radiometric dating
techniques in the early 20th century allowed geologists to determine the numerical or “absolute”

(&

age of the various strata and thereby the included fossils.




Like extant organisms, fossils vary in size from microscopic, such as single bacterial cells
only one micrometer in diameter, to gigantic, such as dinosaurs and trees many meters long and
weighing many tons. A fossil normally preserves only a portion of the deceased organism,
usually that portion that was partially mineralized during life, such as the bones and teeth of
vertebrates, or the chitinous exoskeletons of invertebrates. Preservation of soft tissues is rare
in the fossil record. Fossils may also consist of the marks left behind by the organism while it
was alive, such as the footprint or feces (coprolites) of a reptile. These types of fossil are
called trace fossils (or ichnofossils) , as opposed to body fossils. Finally, past life leaves some
markers that cannot be seen but can be detected in the form of biochemical signals; these are
known as chemofossils or biomarkers.
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Native Americans Today

According to the Bureau of Indian Affairs, a part of the U. S. government, there are now
about 550 tribes. These include well-known groups like the Navajo and Sious, and less famous
tribes like the Cayuse. The number of Native Americans living in the U. S. is about 1.2 million.

Almost a million live on reservations, areas of land that the government has allowed them
to keep as their own. Native Americans are U. S. citizens, and have the rights and responsibilities
of any U.S. citizen. However, reservations have their own governments and police forces and
Native Americans pay different taxes. They also have the right to hunt and fish where and when
they like while other Americans have to get a licence.

i
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On or off the reservations Native Americans find it difficult to live the traditional life.
Activities of other Americans affect the way they live. Building dams across a river, for
example, can affect the numbers of fish living there, so that even though Native Americans have
the right to fish they may not be able to catch anything. Away from the reservations, many
Native Americans find that their culture is very different from that of white people and have
difficulty adapting.

Poverty is a serious problem. About 37% of people who live on reservations are
unemployed, compared with 6% of the general population. Many tribes try to bring in money
from outside. Some sell rights to search for oil on their reservation, others use the fact that the
reservation makes its own rules to open casinos where people from outside can come and
gamble. Gambling is illegal in most parts of the U. S. and many Americans want it to remain so,
but it makes a lot of money for the tribes. This brings Native Americans, once again, into
conflict with white Americans.
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Native Americans in the Popular Imagination

An American tradition dating back to early times is Thanksgiving. When the English arrived
in Jamestown many died during the long cold winter, but in the following spring Native
Americans showed them what local foods they could eat. In the autumn, well-prepared for the
winter, settlers and Native Americans had a special dinner together, the first Thanksgiving, to
thank God and the Native Americans for all the food they had.




Another story describes how the Native American princess Pocahontas saved the life of
John Smith, the leader in Jamestown, when her father, Powhatan, wanted to kill him. She
later married another Englishman, John Rolfed, and went to England with him. The story of
Pocahontas is widely known and many Native Americans are proud to have her as an ancestor.

But Native Americans were more often seen by white settlers as the enemy. Westerns,
i.e. films and books about the Wild West, use the threat from Indians as their central theme. In
this context Native Americans are still called “Indians”. Children often play “cowboys and
Indians” and pretend to kill each other. When Buffalo Bill, began touring the U. S. with his Wild
West show, the chief Sitting Bull was one of many Native Americans in it, and many people
went to see this former great enemy.

Many Americans have an image of a “typical Indian”, a chief who lived in a teepee with his
squaw ( =wife), smoked a peace pipe after signing a treaty with the white man (whom he
called pale face) , sent smoke signals to communicate with people far away, and spoke broken
English full of colourful expressions such as “big heap wampum” (a lot of money) and “speaks
with forked tongue” (is lying) . Most of these ideas have some basis in Native American culture,
but it is wrong to put them all together and believe that that was how Native Americans lived.

Americans make such mistakes because they have little interest in Native Americans.
Having succeeded in pushing them out of the way onto reservations, most Americans ignore
them. This may be because the Native Americans who are left are living proof of a hard truth:
America wants to be, and often is, a land where everyone has a chance and where the
government behaves fairly and honestly to all, but this America is built on land stolen from the
people who lived there first.
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Mass Extinctions

Cases in which many species become extinct within a geologically short interval of time are
called mass extinctions. There was one such event at the end of the Cretaceous period (around
70 million years ago). There was another, even larger, mass extinction at the end of the
Permian period (around 250 million years ago). The Permian event has attracted much less
attention than other mass extinctions because mostly unfamiliar species perished at that time.

The fossil record shows at least five mass extinctions in which many families of marine
organisms died out. The rates of extinction happening today are as great as the rates during
these mass extinctions. Many scientists have therefore concluded that a sixth great mass
extinction is currently in progress.

What could cause such high rates of extinction? There are several hypotheses, including
warming or cooling of Earth, changes in seasonal fluctuations or ocean currents, and changing
positions of the continents. Biological hypotheses include ecological changes brought about by
the evolution of cooperation between insects and flowering plants or of bottom-feeding predators
in the oceans. Some of the proposed mechanisms required a very brief period during which all
extinctions suddenly took place; other mechanisms would be more likely to have taken place
more gradually, over an extended period, or at different times on different continents. Some
hypotheses fad to account for simultaneous extinctions on land and in the seas. Each mass
extinction may have had a different cause. Evidence points to hunting by humans and habitat
destruction as the likely causes for the current mass extinction.

American paleontologists David Raup and John Sepkoski, who have studied extinction
rates in a number of fossil groups, suggest that episodes of increased extinction have recurred
periodically, approximately every 26 million years since the mid-Cretaceous period. The late

Cretaceous extinction of the dinosaurs and ammonoids was just one of the more drastic in a




whole series of such recurrent extinction episodes. The possibility that mass extinctions may
recur periodically has given rise to such hypotheses as that of a companion star with a long-
period orbit deflecting other bodies from their normal orbits, making some of them fall to Earth
as meteors and causing widespread devastation upon impact.

Of the various hypotheses attempting to account for the late Cretaceous extinctions, the
one that has attracted the most attention in recent years is the asteroid-impact hypothesis first
suggested by Luis and Walter Alvarez. According to this hypothesis, Earth collided with an
asteroid with an estimated diameter of 10 kilometers, or with several asteroids, the combined
mass of which was comparable. The force of collision spewed large amounts of debris into the
atmosphere, darkening the skies for several years before the finer particles settled. The
reduced level of photosynthesis led to a massive decline in plant life of all kinds, and this caused
massive starvation first of herbivores and subsequently of carnivores. The mass extinction would
have occurred very suddenly under this hypothesis.

One interesting test of the Alvarez hypothesis is based on the presence of the rare-earth
element iridium (lIr). Earth’s crust contains very little of this element, but most asteroids
contain a lot more. Debris thrown into the atmosphere by an asteroid collision would presumably
contain large amounts of iridium, and atmospheric currents would carry this material all over the
globe. A search of sedimentary deposits that span the boundary between the Cretaceous and
Tertiary periods shows that there is a dramatic increase in the abundance of iridium briefly and
precisely at this boundary. This iridium anomaly offers strong support for the Alvarez hypothesis
even though no asteroid itself has ever been recovered.

An asteroid of this size would be expected to leave an immense crater, even if the asteroid
itself was disintegrated by the impact. The intense heat of the impact would produce heat-
shocked quartz in many types of rock. Also, large blocks thrown aside by the impact would
form secondary craters surrounding the main crater. To date, several such secondary craters
have been found along Mexico’s Yucatan Peninsula, and heat-shocked quartz has been found
both in Mexico and in Haiti. A location called Chicxulub, along the Yucatan coast, has been
suggested as the primary impact site.
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