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How radiocarbon dating works

There are 3 kinds (isotopes) of carbon. Atoms fiédint isotopes differ only in how many
neutrons are in the nucleus. Carbon-12 (writf€) has 6 protons and 6 neutrons. Carbon-13
(**C) has one extra neutron, that is, 6 protons ameLifrons. Carbon-144C) has two extra
neutrons, that is, 6 protons and 8 neutrons. Tieetisotopes all act essentially the same in
chemical processes, including the metabolism aidjthings.

Most carbon in the environment'C. About 1% is=>C. About 1 part per trillion is*C,
which is radioactive. That is, the excess neutiorike'*C nucleus make it unstable. Sooner or
later, any givert*C atom will "decay”, in order to settle down to amastable configuration.
When a*C atom decays, it converts intd“al (nitrogen) atom.

(Detail for the physics-minded: This decay consistene of the neutrons in th&C nucleus
spontaneously converting to a proton by emittifggh-energy electron, called a beta particle.
This results in a nucleus with 7 protons and 7 meest which is*N).

N is stable and is the major component of the &aatmosphere, so when % atom
decays into nitrogen, it essentially gets lostia ¢rowd.

4C has a hallf life of 5730 years. That is, if yowéd gram of“C, in 5730 years, one half of
it will have decayed t&"N. In another 5730 years, half of the remainingd il have decayed
to “N... and so on.

So why is there an}’C around any more? Shouldn't it all have decayedy&w

It has... but new'“C is constantly produced in the upper atmosphereobgnic radiation,
which is mostly high-speed patrticles emitted byghe. Through a series of steps, this cosmic
ray bombardment converts occasioffal atoms into"“C. The relatively constant rate of
production of new“C balances against the constant decay of exii@gesulting in a constant
percentage of'C in the atmosphere.

Plant and animal tissues contain a lot of carb@md_plants get their carbon from the carbon
dioxide in the atmosphere, and animals get thebvazafrom plants that they eat. So living
terrestrial plants and animals are made of carbahhas recently come from the atmosphere,
and has essentially the same fraction'6fas the atmosphere. Since most living tissues are
constantly being remodeled through growth, re@disorption, etc., they continue to have the
same fraction of’C as the atmosphere as long as the plant or aisralve.

When a plant or animal dies, the tissues stop beingwed through biological processes. The
1C in the dead tissues keeps decaying away, baib ionger replenished by fre$it from the
air or from food. This means that the amount6fin the tissues begins to decline after death.

So, since we know what fraction of the carbon mair is*’C, we know the fraction df'C
that the organic tissues started with. If we measurat fraction of the carbon in the dead tissues
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is 1%C now, we can calculate how mutit has decayed away. Since we know the rate of decay
we can then calculate how long it has been sine@ldnt or animal died.

There are a few complications. First, the amourf®fin the atmosphere has not been exactly
constant, probably due to variations in sun's dutpthe cosmic rays that produt’€ in our
atmosphere. We know this because people have eatimt dated wood from individual tree
rings of exactly known age (essentially by countimgs back from the outer surface of a living
tree). Now that thousands of such rings have ba&ddwe can correct for this slight variation.
These corrected dates are called "calibrated" gatgsen like "700 cal BC" or "cal AD 700",
and they correspond well to calendar years. Caidbranakes the date look older than the
uncalibrated radiocarbon ages. The difference aghes 2000 years at 10,000 cal BC, around
the end of the Pleistocene (the most recent Icg.Age

Another problem is that radiocarbon measures the since a living thing died. Sometimes
that is not what we are actually interested inrdatFor example, say you collect some burned
wood from an ancient campfire. You want to know wlsemeone camped at the site. If you date
the wood, the radiocarbon date will tell you whiattbranch or tree trunk died, not when the
person made the campfire. The wood might have lag@mg around on the ground for centuries
before someone picked it up to burn. If so, theo@atbon date, even though perfectly correct,
will mislead you into thinking that the campfire svanade centuries before it actually was. This
is known as "the old wood problem".

Radiocarbon dating has some limitations. It wonksamples from about 1940 AD (just
before the first atomic bomb test, which causedgetspike in thé*C content of the earth’s
atmosphere) back to around 45,000 years ago. Iplearolder than that, too littféC is left for
an accurate measurement. That is plenty old enfarggtudies of complex societies, but it does
not go back far enough to help us with most sitéeted to Neanderthals, the development of the
earliest moderiomo sapiens, or anything earlier.

In addition, because the date depends on a measunieand there is always some uncertainty
about the exact value of any measurement, an dstinearor range is included with all dates.
The older the date, the larger the uncertaintyypictl error range is £60 years for a date of
2000 years ago, or +40 for a date of 1000 yearsatfmugh they vary higher and lower. That
figure means that there is a 68% chance that tieedate falls within the indicated range. For a
date of 200 AD %60, there is a 68% chance that#te lies between 140 AD and 260 AD. That
means there is still a 32% chance (about one charibeee!) that it falls outside the range. If we
double the error estimate, there is a 95% charatetie date falls in the doubled range. For the
same date of 200 AD %60, there is a 95% chancetlikatue date falls between 80 AD and 320
AD. That means we can be pretty sure of the treechighe sample (even though we will still be
wrong 5% of the time, or one time out of twentyhvirever, doubling the error estimate usually
gives a pretty broad range for the date, makingilget interpretations difficult. Running dates
on a number of samples and averaging them is oggav@duce this uncertainty.

There are other dating methods based on cleveigshygks that work in certain
circumstances, but radiocarbon dating is by famtlest commonly used and trusted technique
for the many places and periods where dendrochoggatannot be applied.



