Radiocarbon Dating

Introduction

In the process of reconstruction of the past, the control over absolute date is necessary
to place the historical events in coherent manner. If the dates of the archaeological materials
are known, then, it is more convenient to place the human social development in a
chronological order. In general, the history is reconstructed based on written documents. The
written documents generally appeared very late in human history. Around the world the
writing system appeared around 5th millennium BCE. In India, earliest writing systems are
the Indus script or graffiti marks datable to the middle of third millennium BCE. However,
the human artefacts unearthed at Tikoda, District Raisen, Madhya Pradesh and at
Attirampakkam, District Thiruvallur, Tamil Nadu push the date of human appearance in India
before 1.50 million years ago. Therefore, the history reconstructed based on written
documents narrates only a small part (0.2%) of human history. The major part of unrecorded
history (99.98%) is being reconstructed based on material evidences. When the material
evidences fail to provide absolute date, the archaeologists forced to seek the help of science
to preciously date the historical or archaeological documents through inherent physical,
chemical or biological material analysis. Though, we get a quite number of written
documents in the form of seals and sealings in Indus valley civilization, it could not be dated
due to non-decipherment of the script. The radio carbon dating methods came to the rescue of
the archaeologists to date the Indus valley civilization. Thus, the primary sources also
basically need certain degree of assistance from the science to fix the chronology. Absolute
dates are of particular importance to the archaeologists when they are unable to place the
remains in a time-frame due to the non-availability of the datable material like coins,
inscriptions or any other written records. In pre-literate societies, particularly, in prehistoric
and proto-historic sites, the scientific dates are the only answer to fix the chronology. In
many occasions, the absolute dates forced us to drastically revise our conventional ideas of
chronology.

All the dating systems could be placed under two broad categories, namely, absolute
dating system and relative dating system. In the former system one could achieve almost
precise chronological frame whereas in the latter system, a comparative date could be
achieved. Till 1950s, the historians and archaeologists mostly obtained absolute dates from
datable historical records such as coins, copper plates and stone inscriptions. After 1950s, the
physical, chemical and biological sciences contributed a number of dating techniques that had
revolutionary effects on archaeology. Among the absolute dating methods listed below the
Radio Carbon dating method is considered as one of the best available methods today.

Absolute dating techniques

1. Radio-carbon dating

2. Thermoluminescence

3. Potassium-argon method

4. Uranium series method



5. Fission-track dating

6. Electron spin resonance (ESR)

7. Tree-ring dating (dendrochronology)
8. Amino acid racemisation

9. Obsidian hydration

10. Archaeomagnetism

11. Historical dating

Radiocarbon dating (Carbon -14 or 14C dating)

The advent of radiocarbon dating method in 1950s has changed the face of the
archaeological research. It has made a revolutionary impact in the fields of archaeology and
Quaternary sciences. Willard F.Libby developed this method in 1948 as spin—off from atomic
research during Second World War. Since then, it remains the most widely used dating
techniques in modern archaeology, with its range extending back more than 75,000 years.
Birbal Sahni Institute of Palaeobotany (BSIP) at Lucknow in Utter Pradesh, Physical
Research Laboratory (PRL) at Ahmedabad in Gujarat, Institute of Physics at Bhubaneshwar
in Orissa, National Geophysical Research Institute (NGRI) at Hyderabad in Telangana and
recently established Inter-University Accelerator Centre at New Delhi are some of the
Cl4laboratories working on radiocarbon dates in India. Outside India, there are several
laboratories are analysing the samples and providing the dating. Beta Analytic (USA) and
Accelerator Mass spectrometry Laboratory, Arizona (USA) are some of the laboratories offer
radiocarbon dating facilities on payment basis.

Principle

The nature of an atom is determined by the number of protons and neutrons present in
its nucleus and the corresponding number of electrons present in the orbit outside its nucleus.
Normally, atom of an element has equal numbers of proton and neutron in their nucleus. But
in a few cases it differs. This varied property of the atom is known as isotope of the particular
element. Thus, isotopes are atoms with the same number of protons, but differing numbers of
neutrons. Otherwise, one may say, isotopes are different forms of a single element.

In nature, we have stable chemical elements but there are some unstable elements
because of some extra-neutrons present in its nucleus. One such element is carbon. When the
cosmic rays from outer space enter the earth’s atmosphere, they produce showers of neutrons
(see figure). When a neutron from the neutron shower collides with nucleus of a nitrogen
(14N) atom (which contains 7 protons and 7 neutrons in the nucleus and 7 electrons outside
the nucleus), it lodges one neutron in the nucleus by knocking out one proton from the
nucleus. At the same time, the departing proton while leaving the nucleus also takes one
electron along with it from the orbit. What remaining in the atom are six protons and eight
neutrons in the nucleus and six electrons in the outer orbit. The normal carbon (12C) has six
protons and six electrons. In the process, the nitrogen atom turns into a carbon. Now, the total
number of protons (6) and neutrons (8) present in the nucleus is 14 (14C) instead of 12 (12C).
The presence of eight neutrons, instead of six neutrons, in the nucleus makes the carbon
unstable. This unstable carbon (14C) is considered as the isotope of carbon. Isotope means an



element containing equal number of protons and electrons but different number of neutrons in
the nucleus. These activities happened due to the bombardment of cosmic rays. Since the
atom is subjected to the bombardment of the cosmic rays, it becomes a radioactive material.
Therefore, it is known as radioactive carbon or simply called as radiocarbon. So, one of the
effects of the bombardments of the earth’s atmosphere by cosmic rays is the production of
14C. It takes place about 15 km above the surface of the Earth. This unstable radiocarbon
(14C) is similar to stable carbon (12C) in all aspects except that it has extra neutrons in its
nucleus, which makes it unstable. This unstable radioactive isotope of carbon (radiocarbon
14C) decays by releasing a beta particle to return to the stable Nitrogen (14N) form (i.e., back
to its original position) in a particular time scale. This time scale as described below greatly
helped to date the archaeological artefacts mostly made of organic material.

The extremely small quantity of radiocarbon (14C) is constantly being formed in the
atmosphere and distributed evenly throughout the atmosphere. This radiocarbon (14C)
combines with oxygen in the same way as normal carbon (12C) to form carbon dioxide
(CO2). Through photosynthesis, carbon dioxide (CO2) enters into the plants. Human and
animal (as carnivorous, omnivorous and herbivorous) consume both plants and animals. This
way, both radioactive carbon (14C) and normal carbon (12C) enters into the body of all living
beings constantly throughout their lifetime. Thus, at a given point of time all living beings on
the earth directly or indirectly become a radioactive substance.

The radioactive carbon decays (the unstable 14C) constantly every moment, but the
loss is compensated/replaced by the intake of new radiocarbon as long as it survives. Thus,
the proportion of radioactive carbon (14C) to normal carbon (12C) in an organism remains
constant until death. Once the organism dies, the amount of 14C (radioactive carbon) present
in the organism undergoes its normal decrease through the process of radioactive decay
(moving back from 14C to 14N). But, the stable carbon (12C) remains constant without
involving the process of decay. Thus, the measurement of the amount of 14C present in plant,
animal and human remains enables us to determine the time elapsed since death. In other
words, by calculating the difference that exists between 14C and 12C at the time of
measurement one could easily assess the known rate of decay in a time scale. The radio
carbon (14C) decays by 1% every 83 years which means that in 5730 years a given amount of
14C will be reduced to a half, every 11460 years to a quarter and so on. Since 14C becomes
half in 5730 years, so they call it as half-life of radio-carbon. The radioactive carbon decay
rate is expressed in a half-life of about 5730 £40years. For instance, if one say in detail, the
fresh organic specimen emits beta particles at the rate of about 15 particles per minute per
gram of carbon (15 cpm/g Counts Per Minute per Gram) immediately on its death. For
instance, if a sample stands with an emission count of about 7.5 particles per minute per gram
of carbon (7.5 cpm/g) then the age of the material would be about 5730 years old. Otherwise,
one may say that it takes about 5730 years for the radioactive material to disintegrate into half
of the original radioactive material. After about 22,920 years (5730 x 4 = 22920 i.e., four
half-life years) the emission rate will be less than 1 cpm/g (in first half-life years 7.5 cpm/g;
second 3.75 cpm/g; third 1.875 cpm/g; fourth 0.9375 cpm/g). Radiocarbon dates are always
expressed with standard deviation e.g., 1500 = 300 BP. The standard deviation of this sample
is 300 years i.e., the date falls between 1800 BP (1500+300 = 1800) and 1200 BP (1500-300
=1200) (Aitken 1990; Taylor 1997). This way, the date of the sample is determined.



Accelerator Mass Spectrometry (AMS)

Initially, the scientists used to expect a large amount of sample for analysis. It is very
difficult to get such a large quantity of sample in the excavations. To overcome this, they
developed a new technique called accelerator mass spectrometry (AMS) or particle
accelerator radio carbon dating to attain the date with a small quantity of sample in 1977.

Accelerator Mass Spectrometry (AMS) is a technique used for measuring the
concentration of rare isotopes that cannot be detected with conventional spectrometers. AMS
is a highly sensitive method of counting atoms. It has the capacity to separate and measure
rare isotopes from an abundant neighbouring mass. In the sense, it separates and measures the
14C from 12C.

Irrespective of this technology, sending a larger amount of sample to the Laboratory is
always advisable for better process.

The Collection of Sample
The properly collected and recorded sample is the best sample for radiocarbon dating.
The following basic procedure should be followed:
e Collect the sample with the help of a clean trowel or excavation knife or
tweezers or spoon.
e Auvoid handling the charcoal with hand, which may cause some contamination
particularly the body oils.
e Collect as much as sample is possible, even the amount exceeds the required
level.
e Place the sample in an aluminium foil or in a plastic or polyethylene bag.
e |If the sample is wet, allow it to dry thoroughly under shadow before it is
packed.
e Sample should be labelled both on the aluminium foil and on the cloth bag,
which is finally placed.
e Place information like site name, unit or trench name, context or layer, method
of collection, probable date and application of preservative, if any.
e Avoid applying any preservatives to the sample.

Limitation in Radiocarbon Dating

The first limitation is on counting the beta particle emission rate. After seven half-life years
(or about 40,110 years after), the beta particle emission rate is so low (about 0.1 cpm/g) and
is very difficult to detect. Thus, most of the laboratories keep 40,000 years as their upper
limit. However, certain laboratories under special circumstances extend their time range to
70,000 years by a technigue known as isotopic enrichment.

The second limitation is the built-in uncertainty inherent in all radiometric techniques. The
decay of given atom of 14C into 14N is a random event, so both the beta particle emission



rate of a measured carbon sample and half-life (by which its age is calculated) are no more
than averages. Libby calculated the half-life as 5568+30, Radiocarbon Laboratory as
5570+30 and Cambridge University Laboratory as 5730+40. Most of the authorities today
accept the Cambridge estimate of 573040 years. Further, the laboratories always give the
time range for the sample. Once the techniques of carbon dating were being standardised,
scientists (or Laboratories) agreed to keep the year 1950 as the cut-off year for calculating the
date. Now, the Laboratory gives the date in BP (Before Present). So as to arrive the date,
archaeologist should deduct 1950 from the given date to find the date of the sample. (If the
given date is less than 1950 then one has to deduct given date from 1950 to get actual date. If
the given date is greater than 1950 then one should deduct 1950 from the given date to get the
actual date). In a few occasions, the date becomes irrelevant for archaeological application.
For instance, 20,000+100 BP indicates the time range of 17,950 BCE to 18,150 BCE to the
sample (i.e., 20000 -1950 = 18050 BCE then deduction of standard deviation date (+100)
from 18050 comes to the above date of 17,950 (18050 — 100 = 17950 BCE and 18050 +100 =
18150 BCE). As this sample belongs to the prehistoric times, it does not affect much on the
inferences of the archaeologists. But, the date of 2000 £100 BP to a sample of Early Historic
period indicates the time range of 150 BCE to 50 CE. This date sometimes does not help the
archaeologist as the 100 years gap or difference (150 — 50 = 100) is too large to date an Early
Historic site.

The third limitation is the level of difference in rate of cosmic-ray bombardment on
the earth, due to the increased release of the carbon into the atmosphere in recent years by
burning oil, coal, gas and nuclear explosions. This affects the proportion of 12C to 14C.

Calibration

As stated above, radiocarbon measurements are calculated on the assumption that the
atmospheric radiocarbon concentration has always been the same as it was in 1950. However,
this is not true. The atmospheric concentration of radiocarbon has changed with time. When
these discrepancies first became apparent, scientists attempted to overcome this problem by
comparing the radiocarbon dates with a sequence of dates derived from tree-ring analysis
(dendrochronology). An appropriate correction table developed by Museum of Applied
Science Centre for Archaeology (MASCA), University Museum, University of Pennsylvania
was released to make certain calibration (popularly called MASCA correction) in the given
date. In recent years both calibrated and uncalibrated dates are being used in archaeological
research. Therefore, archaeologists must ensure the nature of date is being used in their
research. It is always advisable to use the calibrated dates. They must specify their date with
prefix cal. (cal. 1800 BCE) so that reader would understand your presentation. A brief note is
given here to understand the calibration method.

Many types of tree such as the Bristlecone Pines reliably lay down one tree-ring every year.
The wood once laid down in these rings remains unchanged during the life of the tree. This is
very useful as a record of the radiocarbon concentration in the past. If we have a tree that is
1000 years old we can measure the radiocarbon in the 1000 rings and see what radiocarbon
concentration corresponds to each calendar year. Further, the tree-ring widths vary from year
to year with changing weather patterns. By using these widths, it is possible to compare the
tree rings in a dead tree to those in a tree that is still growing in the same region. By using



dead trees of different but overlapping ages, you can build up a library/index of tree rings of
different calendar ages. This has now been done for Bristlecone Pines in the USA and
waterlogged Oaks in Ireland and Germany to provide records extending back over the last
11,000 years. After making numerous comparisons, a calibration curve has been established.
Thus, the calibrations of radiocarbon determinations become very simple in principle. If you
have a radiocarbon measurement on a sample, you can try to find a tree ring with the same
proportion of radiocarbon. Since the calendar age of the tree rings is known, this then tells
you the age of your sample.

The above is the radiocarbon plot generated for the radiometric date obtained for the sample
collected from Megalith—I of Porunthal Excavation (PTL-MEG-I). This plot shows how the
radiocarbon measurement 2430 + 30 BP would be calibrated. The left-hand axis shows
radiocarbon concentration expressed in years “before present' (BP) and the bottom axis shows
calendar years (derived from the tree ring data). The pair of blue curves shows the
radiocarbon measurements on the tree rings (plus and minus one standard deviation) and the
red curve on the left indicates the radiocarbon concentration in the sample. The grey
histogram shows possible ages for the sample (the higher the histogram the more likely that
age is). The results of calibration are often given as an age range. In this case, we might say
that we could be 95% sure that the sample comes from between 750 cal BCE and 403 cal
BCE.



