
The Record of Time 

The Nature of Fossils 

Paleoanthropology is the study of early forms of humans and their primate ancestors. It is similar 
to paleontology except its focus specifically is documenting and understanding human biological 
and cultural evolution. Paleoanthropologists do not look for dinosaurs and other early creatures not 
related closely to humans. However, like paleontology, the data for paleoanthropology is found 
mainly in the fossil record. Before examining this evidence, it is necessary to first learn what fos
sils are and how they are formed. In addition, it is important to know how paleoanthropologists 
date fossils and other evidence of the prehistoric past. 

What are Fossils? 

By the mid 1990's, 13⁄4 million species of living organisms had been described and given scientific 
names. Every year, thousands more are identified. There are probably millions of species that have 
not yet been discovered, especially in tropical forests. It is likely that most of these are insects and 
plants. Estimates of the total number of living species range from 10 to 100 million, but the gener
al consensus in the biological sciences is that there probably are about 13 to 14 million. This 
tremendous diversity of life is not new on our planet. There has been even greater diversity attimes 
over the last billion years. The noted paleontologist, Stephen J. Gould, has estimated that 99% of 
all plant and animal species that have ever lived are already extinct and most have left no fossil evi
dence of their existence. 

People often think of fossils as mineralized bones stored in museums. However, they can be any 
remains or traces of ancient organisms. They even can be footprints, burrows, or casts of bodies 
with nothing else surviving. Some of the best preserved fossils were deep frozen in permafrost soil 
or ice, dehydrated in dry desert caves, or encased in tree resin that hardened into amber. In any of 
these three environmental conditions, even soft body parts can be remarkably well preserved indefi
nitely. 

In order to understand fossils, it is useful to learn how they formed. 
Taphonomy  is the study of the conditions under which plants, animals, and 
other organisms become altered after death and sometimes preserved as fos
sils. Research into these matters has shown that fossilization is a rare phe
nomenon. In order for a fossil to form, the body must not be eaten or 
destroyed by erosion and other natural forces. Preservation would most 
likely occur if the organism were buried quickly and deeply. In most envi
ronments, soft body parts, such as skin, muscle, fat, and internal organs, 
deteriorate rapidly and leave no trace. Only very rarely do we find the casts 
of such tissues. Similarly, the totally soft-bodied creatures, like jellyfish, are 
very uncommon fossils. Hard body parts, such as dense bones, teeth, and 
shells, are what most often are preserved. 

Fossil of an extinct marine mollusk (Ammonite) 
and its living descendent today (Nautilus) 
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Bones are composed of inorganic minerals and 
organic molecules (especially proteins and fat). 
Most of the organic components are eventually 
consumed by bacteria. What remains are brittle, 
microscopically porous bones. Water percolating 
down through the soil above dissolves mineral 
salts, some of which are precipitated out into the 
porous areas of bone. These minerals are usually 
calcium carbonate (limestone), silica, or iron com
pounds. Over time, this process makes bone 
increasingly more rock-like. 

How Reliable is the Fossil Record? 

Our interpretation of the fossil record has been biased by differential preservation. Some species 
are under represented or have not yet been found. We are left with a somewhat blurred picture of 
the past, especially the early past. Whether an organism is preserved, greatly depends on the local 
environment in which it died. Plants and animals from humid tropical forests are rarely preserved 
because they decay rapidly in these regions. Similarly, fossils from mountainous areas rarely sur
vive due to high rates of erosion. Desert creatures generally become fossilized more often due to 
the preserving arid conditions. Likewise, aquatic organisms are often well preserved if their bodies 
ended up in deep water where there is little oxygen and life. 

Not all bones from the same animal survive equally well. Light weight bones with relatively large 
surface areas deteriorate more quickly and are, therefore, less often fossilized. Small, delicate 
bones are also more likely to be crushed or carried away from the rest of a skeleton by running 
water. 

There is bias in the fossil record resulting from the fact that paleontologists have not equally searched 
all areas of the globe. Because of the inaccessibility of some regions, such as Central Asia and Africa, 
their fossil records are poorly understood compared to those of Europe and North America. 

When only one or two skeletons of a species 
have been discovered, there is no way of know
ing how representative they are of that kind of 
animal. They could be typical or atypical in size 
and shape. Until many more specimens have 
been found, it is unwise to attempt a definitive 
species description. Early in the 20th century, just 
such an error was made by the noted French 
paleontologist, Marcellin Boule, when he ana
lyzed one of the first nearly complete prehistoric

Marcellin Boule Early 20th century mistaken 
human skeletons. Boule described this depiction of a Neandertal 
Neandertal specimen from la Chapelle-aux-

Saints, France as a dull-witted, brutish, ape-like man who walked hunched over with a shufflingait. 
This misled several generations of anthropologists. In fact, the skeleton was abnormal. The indi
vidual was a very old, arthritic man with severe, near crippling orthopedic problems. We now 
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know that Neandertals looked much more like us than was earlier believed. Paleoanthropologists 
today consider them to have been either an early variety of our species, Homo sapiens or a closely 
related species. The complexity and size of their brains, along with their cultural artifacts, indicate 
that they were far from being a dim-witted, ape-like creature. 

When paleontologists trace the evolution of a species line, they often find that there are gaps in the 
fossil record. Nineteenth century evolutionists referred to these periods in which fossils were still 
lacking as "missing links" in the "chain of evolution." Such gaps are often the result of changing 
preservation conditions in the past and to the fact that we may be looking in the wrong places. 
Over time, the larger gaps in the fossil record are usually filled. This has resulted in an ever more 
accurate picture of the past. 

What do the Fossils Tell Us 

Fossils show us a great deal about earlier life forms. Not only can we learn about evolutionary 
processes and trends, but we can also reconstruct body shapes. Most prominent animal fossils dis
played in museums usually are mineralized bones. From these skeletons, researchers can often 
learn about gender, physical capabilities, growth patterns, life expectancies, and pathologies. For 
instance, by studying muscle attachment points on bones, it is usually possible to make inferences 
about the size and shape of muscles. This can be an important clue to understanding locomotion. 
The relative size, shape, and position of eyes, nose, and ears on a skull can lead to an understanding 
of the importance and capabilities of these different senses. Brains are virtually never fossilized, 
but the brain cases often are. These can give us a good idea of the gross structures of brains and 
their overall mass. The age at death can be estimated by such things as closure of bone growth 
plates and skull sutures as well as tooth eruption and wear patterns. Bones sometimes also show 
evidence of medical abnormalities such as injuries and specific kinds of diseases. 

How are Fossils Assigned a Species Name? 

When new fossils are discovered, it is not always clear as to which species they belong. There are 
two different, opposing approaches to solving this problem. They are commonly known as the 
typological and the populationist viewpoints. Those who take the typological approach believe that 
if two fossils look even slightly different, they must be from two distinct species. This is an 
emphasis on minor differences. In contrast, those who use the populationist approach accept that 
individuals in all populations of organisms normally have at least minor differences. Therefore, 
when they encounter fossils that are similar, but not identical, they tend to lump them into the same 
species. They expect that separate species would exhibit major differences. The populationist 
approach to defining species has become the dominant one in the biological sciences today. For 
psychological reasons, however, some important discoverers of fossils have tended to take the typo
logical viewpoint. It is ego boosting to say that you have discovered something new and unknown 
rather than just another specimen of an already well known species. 

There probably always will be a heated debate regarding the species identification for new fossil 
specimens. This is largely due to the fact that we cannot use the criteria of reproduction to distin
guish species when we only have skeletal remains. Therefore, paleoanthropologists often use the 
term paleospecies. This is a group of similar fossils whose range of physical variation does not 
exceed the range of variation of a closely related living species. Eventually, we may be able to 
define ancient species more reliably on the basis of DNA samples extracted from fossil bones and 
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other preserved tissues. At present, however, this work is just beginning and it is frustratingly ham
pered by the fact that DNA usually is very fragmentary in mineralized bone. The earliest human 
whose DNA has been studied was much less than 100,000 years old, while hominid  evolution goes 
back to at least 4,000,000 years. 

Overview of Dating 
When paleoanthropologists refer to time in the past, 
it is done with either relative or chronometric dates. 
Relative dates give the time of an event with refer
ence to another event that is not worldwide in scale. 
They tell us simply that one thing is older or 
younger than another. They do not tell us when an 
event happened in years before the present. For 

Relative dating by relating geological strata example, in comparing the cross-section of the series 
of geological strata illustrated to the right, level 4 is 
older than 5 because it is below it. This does not tell us how many years ago these strata were laid 
down. It only tells us how old each is relative to the others. 

In contrast, chronometric dates place events in their chronological position with reference to a uni
versal time scale such as a calendar. All events given the same chronometric date will actually be 
contemporaneous. Chronometric dates are given in numbers of years since or before the beginning 
of some calendar system. For instance, 3000 B.C. was 3000 years before the starting point in the 
Gregorian calendar, which is the one that the U.S. and most other nations use today. Likewise, 
2005 A.D. is 2005 years after the zero starting point. The A.D. and B.C. following Gregorian cal
endar dates are overtly Christian references. A.D. stands for anno domini ("the year of our Lord" 
in Latin – the once presumed birth date of Jesus) and B.C. stands for "before Christ." Israel and 
some other nations substitute B.C.E. (before the common era) and A.C.E. (after the common era). 

Many different calendar systems have been created around the world. They all have in common 
the fact that they have a starting point from which one can count forward and backward. That point 
can be in the past, the present, or the future. Scientists who use chronometric dating methods usu
ally prefer to count years from the present. With this system, an event that occurred in 1000 B.C. 
would be written 2950 B.P. (or 2950 years "before the present"). By convention, 1950 A.D. is con
sidered the present. 

Chronometric dates are just close approximations of the true age of a fossil or geological deposit. 
This is due to the finite limits of the dating techniques and the materials being dated. Most 
chronometric dates are given with a plus or minus factor. For instance, 340 B.P ± 40. This usually 
means that there is a 2/3 probability that the actual date of the event was within the range of 300
380 B.P. The 2/3 probability is what statisticians refer to as one standard deviation. At a higher 
probability, the plus or minus factor will be larger. The fact that chronometric dates are only 
approximations of the actual age does not mean that they should be distrusted. To the contrary, 
modern scientific techniques for chronometrically dating samples are highly reliable. 

Whenever possible, paleoanthropologists obtain many samples from an ancient site to be tested 
with a variety of dating techniques. In this way, the chronological placement of a fossil can be 
more reliable. A date for an object, such as a human bone, is also more dependable when the bone 
itself is dated rather than something else physically associated with it in the same geological strata. 
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Relative Techniques 
In the past, relative dating methods often were the only ones available to paleoanthropologists. As 
a result, it was difficult to chronologically compare fossils from different parts of the world. 
However, relative methods are generally excellent for relating finds from the same or nearby sites. 

Stratigraphy 

The oldest and the simplest relative dating method is stratigraphy , or stratigraphic dating. It is 
based on the principle of superposition , which is that if there are layers of deposits, those laid 
down first will be on the bottom and those laid down last will be on the top. This principle is logi
cal and straightforward. However, geological strata are not always found to be in a neat chronolog
ical order. Wind and water erode strata and some areas are uplifted or even tilted. These processes 
result in unconformities, or breaks in the original stratigraphic sequence. In addition, people and 
other animals often dig holes, resulting in a mixing of material from different strata (as shown 
below). 

Geological unconformities 

All of these processes confuse the stratigraphic record. In many cases, however, it is possible to 
reconstruct the original sequence of strata so that they can be used for relative dating. For instance, 
if we find a fossil bone below the strata 3 rock level shown above, we assume that the animal most 
likely lived at a time before that layer was formed. However, we must be careful to note whether 
or not the fossil comes from the mixed strata zone of the filled in hole. 

When two objects are found in the same strata of a site, it is usually assumed that they date to the 
same time period. This is an application of the principle of association. However, the assumption 
of contemporaneity may not always be correct. This is due to the fact that one or both of the 
objects may have been moved or redeposited into a different location. In other words, they may no 
longer be in their primary context. 

Index Fossils 

When the bones of our early ancestors are found in the same geological strata as those of other ani
mals that are known to have lived only during a specific time period in the past, we assume that 
these ancestors must also have come from that time. This is referred to as dating by association 
with index fossils, or biostratigraphy. Elephants, horses, pigs, rodents, and some monkey species 
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have been used as index fossils since they underwent relatively rapid evolutionary changes that are 
identifiable in their teeth and other skeletal parts. Their bones also were frequently found in associ
ation with our human and primate ancestors. 

Fluorine Analysis 

When bones, teeth, or antlers are found at a site, fluorine analysis can be used to tell us whether or 
not the animals they were from actually lived at about the same time. This relative dating method 
is based on the fact that there are specific progressive chemical changes in skeletal remains that 
result from burial underground. As time passes, the organic components of bone (mostly fat and 
protein) are lost primarily through bacterial action. Since these components contain nitrogen, there 
is a progressive loss of that element. At the same time, percolating ground water deposits trace 
amounts of fluorine and other elements into the bone. As a result, the amount of fluorine progres
sively increases. If the bones of two animals are buried at the same time in the same site, they 
should have about the same amount of nitrogen and fluorine. If they do not, they most likely come 
from different eras, despite the fact that they were found in association with each other. 

Changes in the amounts of fluorine 
and nitrogen over time in a buried bone 

Fluorine analysis can be used only as a relative dating method because the rate of decay and the 
amount of dissolved minerals in the ground water varies from site to site. In other words, the bio
chemical clock that this method relies on runs at a different rate in different environments. Fluorine 
analysis is primarily used for verifying whether or not two fossils in the same strata at a site were in 
fact contemporaneous. If not, then at least one of them must be physically out of context. 

A good example of the value of fluorine analysis was in bringing to light the Piltdown Man  hoax. 
In 1912, Charles Dawson, an amateur paleontologist, found what was thought to be an early human 
skull and jaw in the Piltdown gravel deposits of England. Since it had an ape-like jaw and was 
found in association with the bones of extinct animals, this "Piltdown Man" was also believed to be 
a very ancient human. It was popularly referred to as "the missing link" in human evolution. In 
1953, the Piltdown bones were finally tested for fluorine content and the fraud became apparent. 
This was verified through the use of X-ray fluorescence examination. The skull and jaw clearly 
were not from the same time period. The jaw was likely to have come from a modern young adult 
orangutan. It had been cleverly carved to fit the skull and stained to look ancient. In addition, the 
associated bones from extinct animals had much older fluorine and nitrogen ratios than either the 
jaw or the human skull. Unfortunately, by 1953 Charles Dawson and all of the other people 
involved with the Piltdown Man discovery and analysis had died, so we do not know for sure who 
was responsible for the hoax. 
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The three relative dating methods described here are not the only ones available. Archaeologists 
also regularly employ geochronology , artifact time markers, seriation, and pollen analysis. 
However, stratigraphy, index fossils, and fluorine analysis are the ones that paleoanthropologists are 
most likely to use for relatively dating our early fossil ancestors. 

LATE BREAKING NEWS: The perpetrator of the Piltdown Man hoax may have been uncovered. 
In the mid 1990's, an old tool kit was found in a dusty backroom of the Natural History Museum in 
London. It contained tools and chemicals that could have been used to modify the ape jaw and 
human skull to give them the appearance of great antiquity. The owner of this kit was Martin 
Hinton, curator of zoology at the time of the hoax. We will never know whether he was really the 
perpetrator, but he is now the leading candidate. Another candidate was a famous practical joker 
who lived near the Pildown gravel deposit during the early 20th century. That man was a medical 
doctor by training and therefore had the necessary skills to carry off the hoax. He was Sir Arthur 
Conan Doyle, the author of the Sherlock Holmes detective stories. 

Chronometric Techniques: Part I 

Often the most precise and reliable chronometric dates come from 
written records. The ancient Maya Indian glyphs from Central 
America shown here is an example. The earliest evidence of writ
ing anywhere in the world only goes back about 5000 years. 
Paleoanthropologists frequently need chronometric dating systems 
that can date things that are many thousands or even millions of 
years older. Fortunately, there are other methods available to 
researchers. 

Dendrochronology 

One of the most reliable chronometric dating techniques is based on the fact that annual growth 
rings on shallow rooted trees vary in width with the amount of water available each season and 
with temperature fluctuations from winter to summer. All trees of the same species in an area usual
ly have roughly the same pattern of growth. Since weather patterns tend to run in cycles of a num
ber of years, the sequence of tree-rings in a region will also reflect the same cycling as, illustrated 
by the graph below. 

Ancient Maya glyphs 

Correlation between rainfall amounts and the growth of tree-rings 

The changing pattern of tree-rings provides the basis for a calendar that is often accurate to a single 
year. By cross-linking core samples from living and dead trees, a master sequence of annual tree
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ring widths can be compiled (as shown below). Each region has its own unique master sequence 
since weather patterns are not the same from one area to another. 

Process of creating a master tree-ring sequence 

Ancient log samples can be compared with the master tree-ring sequence to date them to the year 
that they were cut down. In the case of the sample below, the tree died in 872 A.D. 

Determining the date of a log sample by 
comparison with a master tree-ring sequence 

Unfortunately, no tree-ring sequence yet goes back much further than 10,000 years. In the 
American Southwest, where this dating method has been used most extensively, the master 
sequence goes back less than 3,000 years. In Northwest Europe, it goes back nearly 8,000 years. 
As a result, tree-ring dating, or dendrochronology, is primarily used for comparatively recent sites 
and for checking the reliability of other chronometric methods. 

Amino Acid Racemization Dating 

A newer chronometric method, known as amino acid racemization dating, relies on a biochemical 
clock that can date much older events. It is based on the fact that amino acids (the building blocks 
of all proteins) exist in two mirror image forms, both of which otherwise have the same chemical 
structures. The L-amino acid molecule form has an extension to the left, while the D-amino acid 
form has an extension to the right. The L-amino acids change to D-amino acids more or less 
steadily following death--that is, they racemize. As a result, remains of organisms that died long 
ago will have more D-amino acids than ones that died recently. Aspartic acid (one of the 20 amino 
acids) is usually extracted from fossil bones or shells for this dating technique. 
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Dates as old as 200,000 years have been obtained with the amino acid racemization dating method. 
However, it is limited by the fact that racemization rates can vary with different soil temperatures 
and possibly other environmental factors. The potential variation in the racemization rate has led 
some paleoanthropologists to consider this dating technique relative rather than chronometric. 

Geomagnetic Reversal Time Scale 

Still another potentially chronometric method is based on major periodic changes in the Earth's 
magnetic field. This technique is known by several names – geomagnetic reversal time scale 
(GRTS) dating, archaeomagnetic  dating, and paleomagnetic dating. 

Datable materials include volcanic rock, fired clay pots, and other forms of clay or rock that have 
been exposed to high temperatures. The iron mineral components of clay and some types of rock 
normally acquire a weak permanent magnetism when they are heated to a red hot state and then 
cooled. Such a condition can occur in a pottery kiln, a bonfire, or a burning house. Likewise, it 
can occur in molten rock from a volcano. Before clay is fired and while lava is still in a molten 
state, the very weak magnetic fields of individual particles are randomly oriented. Heating to 
above 600° C. causes them to align their fields with the far stronger magnetic field of the earth. 
After cooling, this thermoremnant magnetism will remain as a permanent record of the direction of 
magnetic north at that time until the material is reheated or broken up. 

When a potential archaeomagnetic 
dating sample is found, the present 
angle of declination to magnetic north 
is recorded relative to the sample's 
position. Later, its thermoremnant 
magnetism is measured with a magne
tometer. By comparing these data, a 
researcher can determine the direction 
of magnetic north at the last time the 
sample had been exposed to a high 
temperature. 

Since the location of the magnetic 
north pole is known to wander period
ically about the earth's rotational north 
pole, the direction that a compass nee
dle points from the same location will vary from year to year as well. Thermoremnant magnetism 
provides an accurate record of these past wanderings. 
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Researchers have created a map of the locations of magnetic north during the last 10,000 years. 
This was based primarily on radiocarbon dating charcoal from fire hearths associated with ther
moremnant magnetic samples. With this map, it is now possible to determine the age of new sam
ples that date to within this time range. 

The magnetic north pole has done more than just wander thousands of miles around the rotational 
north pole. At numerous times in the past, the north and south magnetic poles actually reversed. 
A compass needle would have pointed to the south pole during some periods and to the north pole 
during others. Lava and volcanic ash deposits often contain the thermoremnant magnetic records of 
these reversals. When the fossils of early humans or their ancestors are found in association with 
such deposits, they can be roughly dated by them. However, this dating method is less useful than 
some others since at best it only tells us that a fossil dates to sometime between two reversals. 

We have evidence of magnetic pole reversals going back 1⁄2 billion years. There were 8 reversals 
over the last 2.43 million years alone. They occurred at irregular intervals ranging from 5000 to at 
least 690,000 years apart. There were reversals .69, .89, .95, 1.9, 2.0, 2.1, and 2.43 million years 
ago. This time range is highly significant for paleoanthropologists since our genus Homo evolved 
over the last 2.5 million years. Paleoanthropologists have found magnetic pole reversals to be use
ful also for dating geological deposits in association with even earlier pre-human fossils going back 
10,000,000 years. 
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