Dating with radioactive carbon

The dating with
radioactive carbon

Introduction: Before 1950 the real
age of an archaeological object could
not be determined. Archaeologists
could only guess from the form, the
ornaments and the material of an
object, if it was younger or older than
another object. It was only possible to
find the chronological order of
different objects, but not their age in
years. When radiocarbon dating was
developed, this was a revolution in
archaeology. Now the real age of a
wide range of objects could be
measured and so science could build
up a more accurate picture of our past.

1. Transformation of part of
air's nitrogen into radioactive
carbon

Nitrogen in the air is bombarded by
neutrons. These neutrons are created
by cosmic radiation in the upper
atmosphere.
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After the clash with the neutron the
nitrogen nucleus loses a proton and so
is transformed into a radioactive
carbon nucleus, which we call
"radiocarbon"'.

All plants and animals on Earth are
mainly made of carbon. During the
period of a plant's life, the plant is
taking in carbon dioxide through
photosynthesis, which is how the plant
takes up energy and grows.
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Dating with radioactive carbon

Animals eat plants, and some eat other
animals in the food chain. Carbon
follows this pathway through the food
chain on Earth so that all living things
are using carbon, building up and
maintaining their bodies until they die.
After death there is no more
accumulation of radiocarbon.

2. How does radiocarbon dating
work?

In the 1940s, scientists succeeded
in finding out how long it takes
for radiocarbon to disappear, or
decay, from a sample of carbon
from a dead plant or animal.
Willard Libby, the principal
scientist, had worked in the team
making the nuclear bomb during
World War 2, so he was an expert
in nuclear and atomic chemistry.
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Dating with radioactive carbon

After the war he became very
interested in peaceful applications
of atomic science. He and two
students first measured the "half-
life" of radiocarbon. The half-life
refers to the amount of time it
takes for half the radiocarbon in a
sample of bone or shell or any
carbon sample to disappear. Libby
found that it took 5568 years for
half the radiocarbon to decay.
After about 50000 years it is no
longer possible to date because of
the amount of radiocarbon
becomes too small.

The radiocarbon method was
developed by a team of scientists led
by the late Professor

Willard Libby of the University of
Chicago after the end of World War 2.
In 1960 Libby received the Nobel
Prize in Chemistry for the radiocarbon
discovery.

Think!

How much Radiocarbon do we have
after 5568, 11 136, 22 272, 33 408
years? Draw a graph showing how
radiocarbon diminishes with time..

3. What kind of things can you
date using radiocarbon?

Because carbon is very common on
Earth, there are a lot of different types
of material which can be dated by
scientists. Below is a list of the
different kinds of materials which can
be dated:

« Charcoal, wood, seeds, pollen
* Bone, Hair, Leather

* Shells and corals
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Dating with radioactive carbon

« Preserved faeces

« Lake muds and sediments

* Soil

» Ice cores taken from glaciers
» Pottery

» Metal casting ores and iron

«  Wall paintings and rock art

» Bird eggshells

* Blood residues

« Textiles and fabrics

» Paper and parchment

Think!

Is it possible to date gold, fossil
fuels, granite, fossils? Which
subjects benefit? Name objects
which can not be dated.

4. How did Libby test his
method and find out if it
worked correctly?

Libby tested the new radiocarbon
method on carbon samples from
prehistoric Egypt whose age was
known. A sample of acacia wood from
the tomb of the pharaoh Zoser was
dated for example. Zoser lived during
the 3rd Dynasty in Egypt (4700-4600
BP). Libby figured that since the half-
life of C14 was 5568 years, they
should obtain a radiocarbon amount of
about 50% of that which was found in
living wood because Zoser's death was
about 5000 years ago.
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Dating with radioactive carbon

Think!

How old is a fossil tree of activity
ratio of 0.4?

5. How much sample material
do you need to date using
radiocarbon?

You can date very small sizes carbon
samples. Imagine a grain of rice, this
can be dated now with radiocarbon.
We can date pollen grains, seeds, tiny
pieces of charcoal or a hair.

6. What kinds of famous things
have been radiocarbon dated?

The Dead Sea Scrolls are a very
famous archaeological discovery.
They date from the first century BC to
the first century AD.

The Iceman is a very famous frozen
body found in northern Italy in 1991.
Samples of his bones, grass boot,
leather and hair were dated, the results
showed that he lived almost 5500
years ago, during the age when people
first began using copper in Europe.

Think!

What is the Iceman's activity ratio of
radiocarbon?
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Dating with radioactive carbon

7. Are there other methods of
dating?

There are many other methods based
on the decay of radioactive
substances. We can, for example, date
volcanic rocks using a method called
argon-argon dating. This method uses
principles of isotopic decay like
radiocarbon, but different isotopes
(argon-39 and argon 40) which have a
longer half-life (1250 million years).
This means scientists can date rock
which is many millions or billions of
years old.

The year-ring method
(Dendrochronology): Every year a tree
leaves a ring, the rings increase in
number over time until a pattern of
rings is formed. Sometimes a tree has
hundreds of rings. Scientists can date
the age of the tree by counting and
measuring the rings. Radiocarbon
daters can then date the tree rings and
compare the radioarbon age with the
real age of the tree.

We can also test radiocarbon ages by
comparing the results with the data
produced by other dating methods.
These methods can be completely
different to radiocarbon dating, like
the uranium/thorium method, or a
method called thermoluminescence.
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