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ABSTRACT 
This report describes the radiocarbon facility at the Institute of 
Nuclear Sciences in Lower Hutt, and is written for potential contributors, 
current users, and for those who advise others. 

The report briefly outlines the principles and practices of C-14 dating; 
with emphasis on factors that enable contributors to judge whether C-14 
work is appropriate, and to assist them with the procedures to be 
followed in order to get the best results. 

Age determinations, being the main requirements by contributors, have 
been discussed in detail. 

KEYWORDS 
RADIOCARBON DATING; METHODS; NEW ZEALAND; SHELLS; SOILS; PEAT; 
SAMPLES; TANDEM ACCELERATOR MASS SPECTROMETRY. 
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1. INTRODUCTION 

The radiocarbon dating method has become a standard tool in a great 
many fields. For some work it is now almost indispensible. 

Like many recent discoveries the method has been over-praised as 
well as over-criticised. The purpose of this booklet is to help 
contributors of samples to judge When carbon dating is likely to be 
useful to them, what it can and cannot do', and how to go about getting 
the greatest benefit from it. 

Practical points have been included for contributors who wish to 
use the service offered by the Radiocarbon Laboratory of the Institute 
of Nuclear Sciences (D.S.I.R.). Such points include the size of samples 
required) preparation for despatch, screening arrangements of samples 
and paper work. There is some repetition in this work to facilitate 
use. 

In many cases special problems arise. The laboratory and referees 
are always willing to discuss these problems with prospective 
contributors. In cases where a sizeable non-routine project is of 
ccmmon interest, joint authorship of the work with the laboratory is 
considered. 

2. PRINCIPLE 

Radiocarbon dating is the method for determining an elapsed 
interval of time by measuring how much of the natural radioactive 
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isotope carbon-14 remains in a (carbon-containing) substance. 

The isotope has a half-life of 5734+-40 years, and originates from 
the interaction of cosmic-ray produced neutrons or neutrons from nuclear 
explosions, with atmospheric nitrogen. Radiocarbon or C-14 (also 1 4 C ) 
is formed mainly at altitudes above 10 km, where at least part of it is 
oxidised to carbon dioxide. Radiocarbon dioxide ultimately reaches 
ground- or sea-level, and is fixed into plants by photosynthesis or 
dissolved in sea water as, mainly! bicarbonate ion. 

C-14 is passed from plants to humus by one or more of a number of 
complex decay reactions. Such hums becomes part of the soil. 

When C-14 is incorporated into trees, the wood-cellulose remains 
essentially inert and inmobile after formation. 

When plants are eaten by other life forms those life forms 
incorporate some of the plants' C-14 into their tissues. Mast marine 
animals (e.g. seagulls, penguins) will take in C-14 that derives from 
bicarbonate dissolved in the sea. C-14 decays by emitting a 
beta-particle (electron) and changes back to N-14. 

In all of these cases, it is possible to get some idea of the time 
that has elapsed since the subject material was alive or since it was 
formed (as for tree rings) by measuring a parameter proportional to the 
ratio C-14/C-12. Such a parameter is the ratio between the C-14 
counting rate in a particular counter at the time of measurement (As) 
and the value of that rate at the time the sample was formed (Ao). Let 
it be assumed, for the moment, that the original value of this counting 
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rate, for terrestrial material, has not changed during the ages, "fliis 
value is very close to 0.95 times the oount rate of an Oxalic Acid 
standard as it would have been in 1950 AD. The standard was prepared by 
the (U.S.) National Bureau of Standards (NBS). Its rate of radioactive 
decay is the same as that of C-14 in any other carbonaceous material. 

A result of this is the welcome fact that the decay of the standard 
does not have to be allowed for in age determinations, To make ages 
have constant values, they are referred to the year 1950J which is 
regarded as the "present", e.g. 350O+- 110 years B.P. (before 
present.) Strictly speaking, an age should not be confused with a date, 
Which is generally expressed as "years A.D./B.C." Vftiereas a date is a 
point in time, an age is an interval. 

The elapsed time t is calculated using the equation 

t - T M i n (A./Ag), 

V* , e r e T m is the mean life of C-14 (=half-life/ln2) • 82684-58 years. 

A
s is a parameter that is proportional to the C-14/C-12 ratio of 

the sample when measured and A Q i s ^ v a l u e o f ^ g parameter at the 
time when the specimen died or otherwise stopped taking in carbon. 

For life forms that live on land and feed on terrestrial plants or 
Who prey on animals that eat such plants, A Q i s taken to be 0.95 of the 
same parameter as used for A g for t h e ( u # s < ) Nation^ B u r e a u of 
Standard's Oxalic Acid standard. 
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When dating is done by counting disintegrations of C-14, the 
parameter is a counting rate. 

2.1 Wean Life 

A factor in the age calculation is the mean life of C-14. Mean 
l i f e ^ T M ) relates to half-life (T.5) by the equation 

T u « ^ = 1 . 4 4 2 6 9 5 1, 

or 

T. • 0.6931472 T . H m 
Looking once again at the expression for age: 

t • V n jl , 

it is clear that the mean life should be known as accurately as 
possible. By international agreement ages are reported to an earlier 
value for the mean life (8033+-43 years). It became clear in the early 
sixties that this value was too low by no less than 3%. The currently 
accepted value is 826&4-5P years. 
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The C-14 laboratory of I.N.S considers that the international 
decisions should be observed wherever possible, but that contributors 
are entitled to the best results that can be given. Consequently report 
sheets carry ages calculated with both mean lives. Unless there are 
good reasons to do otherwise, the old Tjj should be used. 

The mean life can be regarded as the life expectancy of a randomly 
selected C-14 nucleus at any given time. 

The "old" mean life is sometimes called the Libby mean life, after 
Libby, the originator of C-14 dating. The values of mean lives and 
half-lives are listed in Table 1. 

Table 1. Half lives and mean 1ives of C-14 

Old New 

M 8033 + 43 
5568 + 30 

8268 + 58 
5730 + 40 

3. REQUIREMENTS OP DATING 

People should know what exactly they wish to study. Only when this 
has been formulated precisely will it be possible to decide Whether age 
determinations are going to be required and, if so, 
determinat ions. 

what kind of age 
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If it is decided that C-14 ages are needed, the investigator must 
determine what uncertainty can be tolerated in the ages. 

When the question is, whether or not different samples or different 
groups of samples are contemporary with each other, the numbers of 
samples and the acceptable error become crucial. Unless this is worked 
out in advance, a vast amount of effort by the laboratory may be wasted. 
That is why the purpose of the work should be stated clearly on the 
sample forms. If the form is too small, a separate note should be used 
for each sample, especially where series of samples are involved. 

3.1 Precision 

One factor determining the accuracy of a 'dating' is the precision 
of measurement. This precision is a function of the particular counter 
used, the sanple's size, the length of time of oounting, knowledge of 
background and modern standard! of isotopic fractionation and 
instrumental consistency. 

Three counters are routinely used at present (June 1984) at I.N.S. 
(Table 2). 
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Table. 2. Counters and Fillings 

Count Gas Filling Filling Corresponding 
- er 

Pressure Volume 
required 

mass of 
carbon in 

in atm in litre? grams 

A °°2 2 19 11 
B °°2 1 5.5 3 
C °°2 1 12 6.4 

If at all possible, the contributor should retain sufficient sample 
for a second determination, in case the sample is lost or in case an age 
should differ to an unacceptable degree from the expected value. 

the duration of a normal counting 'run' is 1000 minutes. When 
necessary, samples can be counted for 2000 minutes or, in some cases, 
for longer: up to 3880 minutes. 

A full counter filling, run for a single night (1000 minutes), 
typically gives rise to the following standard deviations, based on 2000 
minute counts of standard and background, for various ages (half-life 
5730 years.) (Table 3 and Pig. 1). 
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Table 3. standard deviations for Different Counters 

Oounter Pressure 
Atmosphere Age (in years) 

300 600 1000 1500 2000 5000 
A 2 41 42 43 45 47 65 
B 1 84 86 88 91 95 125 
C I 57 58 60 62 65 85 

Age (in years) 
10,000 20,000 30,000 40,000 50,000 

A 2 110 300 700 +2500 >39600 
-1900 

B 1 200 550 1700 >3090O >33100 
C I 140 400 1100 >33200 >36300 

The amounts (in grams) of carbon and total sanple required are of 
the orders given in Table 4, where full counter f i l l ings are assured. 
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Table 4 . Minimum amounts o f s&sple required (grams) 

Counter h C B 

Pressure (atm) 2 1 1 
Pure C 11 6.4 3 
Vfood(+paper) 26.5 16.6 7.6 
Charcoal 22-122 13-77 6.5-35 
Shel l s 85 53.6 24.6 
Bone*, peat & 

o ther s o i l s All ava i l ab l e sample up t o 1 kg . 

Sea water 600 
l i t r e s 

350 1. 180 1 . 

Fresh water 1000 
l i t r e s 

600 1. 300 1. 

* Charcoals and bone differ widely in C-content. I f possible a 

C-determination on a small amount should be done f i r s t on the 

acid-insoluble fraction to calculate the quantity required t o get the 

needed amount of pure carbon (see Table 4 ) . The fraction insoluble in 

HC1, or H3PC>4 typically contains collagen, mucopolysaccharides, e t c . 

3.2 Dilution 

When there is insufficient sample to fill a counter completely, a 
known amount of inert gas is added. The precision with which the age is 
measured varies approximately as illustrated in Figs. 2a-c for samples 
of various ages. The curves give an impression of what a contributor 
can expect in the way of standard deviation (o) for various cases of 
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dilution. 

4. HOH-ATMDSPHERIC ENVIROWBJT 

Specimens from non-atmospheric environments give problems that 
generally result in an error that is larger (by an unknown amount) than 
for atmospheric samples. This is exemplified in the following sections. 

4.1 Marine Sheila 

The main category of non-atmospheric sample is shells. Surface sea 
water, in which most New Zealand shells are formed, has a C-14 level 
that is between that of 00 2 i n air and that in deep water. When in 
equilibrium, the surface ocean C-14 level is 4-6% below that of air. 

Marine samples, such as shells, are about 300 "C-14 years" older 
than most terrestrial or fresh water shells. It can therefore be very 
important for contributors to indicate whether or not shells are marine 
species. Sometimes species are specified, but this is unlikely to help 
solve the problem witjiout much loss of time especially where non-New 
Zealand shells are involved. 

Whenever the atmospheric level changes, the sea follows sluggishly 
so that rapid changes tend to be smoothed out entirely, while slow 
changes cause a delayed and diminished response. There is no 
information available to derive a direct and adequate C-14 calibration 
of sea water. 
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For this reason no correction is applied for the so-called "secular 
effect" (see Chapter 7) to marine shells unless the C-14 age exceeds 
2500 years. Beyond that age the error due to the secular effect exceeds 
any likely value for the uncertainty of the manner in which C-14 in sea 
water follows C-14 in air. 

It has been claimed that recrystallised shells are likely to be 
contaminated. Not enough comparisons have been made between aragonite 
and calcite from the same shells to say how likely a significant 
difference really is, but in the meantime such calcite is evolved off in 
the laboratory* This does not apply to shells which were calcite from 
the beginning, such as oysters. Such calcite does not seem to suffer 
from exchange of carbon. Watch for secondary aragonite. 

4.2 Freshwater shells and recryatallisation 

Freshwater molluscs feeding on old material can present a problem 
and should be avoided, if such a feeding habit is known or suspected to 
occur. Similarly, care must be taken if the shell has recrystallised to 
a significant extent. 

Ideally the feeding habits and metabolism of a species should be 
sufficiently well known to allow a reasonable C-14 reference value to be 
chosen. 

This also applies to molluscs that live on the land, e.g., snails. 
Other life forms for whom it is important to know the dietary habits are 
all eaters of marine fish or shellfish such as dogs, seagulls or humans. 
Often the point can not be decided. It should then be remembered that 
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the specimen might be up to 400 years older than measured. 

Special applications may involve special problems. This is 
illustrated by the instance when trays of lye were exposed on one of the 
tropical Pacific islands on a routine basis, in the course of monitoring 
C-14 fallout. One sample showed a dramatic drop in C-14. This drop was 
so great that the result corresponded to the air as it had been 15 years 
previously. Inquiries revealed that a toad had jumped into the lye and 
much of the animal had dissolved. Clearly the toad had not been in 
isotopic equilibrium with the atmosphere. 

4.3 Antarctic specimens 

Antarctic samples present a unique problem in determining their 
C-14 level at time of death. Surface water near the Antarctic Continent 
was found to be depleted in C-14 up to the equivalent of some 1200 
years. 

Reference values of C-14 that can be used for Antarctic specimens 
have a potentially large, but essentially unknown, error. Some 
improvement in the position is likely with Antarctic specimens that have 
been placed at the disposal of the laboratory. These specimens were 
killed by Scott's party in 1912. They should form the best Antarctic 
reference values to date. 

The problem with all non-atmospheric "modem standards" is that the 
equilibrium between atmospheric and other reservoirs has been disturbed 
many times. In recent times the equilibrium has been shifted by the 
combustion of fossil fuels and then, most recently and most seriously) 
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by the addition of C-14 from nuclear explosions in the atmosphere. This 
means that reference levels for old material can only be established by 
(C-14) dating appropriate samples of known age. ic is rare for such 
samples to be made available to the laboratory • 

4.4 Modern Standards 

For certain materials modex-n St***?* * or reference values are 
used, other than 0.95 of the activity ol' u >xalic Acid Standard of the 
(U.S.) National Bureau of Standards. 

The most common of these is the "Mew Zealand Shell Standard". This 
is a reference value based on some cockle shells, Protothaca crassitesta 
(Deshayes), collected in 1954 in the estuary at Pounawea, 37 km. south 
of Balclutha. Its inverted delta value (V **Cj see Chapter 9: 
Results) is -41 parts per mille. This value is likely to be a little 
high (MzFadgen 1978). When more suitable material becomes available, a 
revised value can be used. On the Australian coast a figure close to 
-60°/oo has emerged. 

A recently acquired Thrombus shell collected live in 1863 from Fiji 
has allowed a provisional standard of -50°/co to be calculated for that 
area. 

Surface ocean water is used as a reference for shells from islands 
and other places north of latitude 37° south, vtoen no specific reference 
values are available. 
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South of 37° the fornula is:-

reference delta-value for shells * -40 -4.2 (latitude - 37). 

This expression is based on measurements on waters taken in 1955 for 
latitudes down to 60° south. 

The earlier modern references have been described by Rafter et 
al. (1972). 

New standards have been added and others replaced by more 
representative ones as these have become available. All standards in 
present use (June 1964) are listed in Table 5. 

Authors of reports which include carbon-14 ages should always 
mention the modern standards that were used. 

4.5 Age calculations and coMparisona involving 
reservoir effect 

The fundamental expression for C-14 age was given in chapter 2 as 

t » T M l n (Ao/As), 

where Ao is the experimental parameter proportional to the C-14/C-12 
ratio of the sample when the intake of C-14 stopped. At any particular 
time in the past this value would have been different for certain 
different reservoirs as discussed in the preceding sections. 



TABLE 5. Modern reference values used by INS 

Modern 
reference 

7 °/oo *> Difference in 
years wrt 0.95 
Ox. Ac. Std. 

Fraction of 
0.95 Oxalic 

Acid 

NZ Marine Shell -41 
NZ Marine Flesh -25 
Terrestrial Bone + 4.8 
McMurdo Seal -53 
Carbonate 

McMurdo Seal *' -45 
Protein -199 

Hawaii and Fiji -50 
Marine Shell 

Antarctic Penguin -127 
Antarctic Water -140 
Surface Ocean -40 f« 
Water -40 -i 

-336 0.959 

-203 0.975 

+ 38 1.0048 

-437 0.947 

-370 0.955 

-1782 0.801 

-412 0.950 

-1091 0*875 

-1212 0.860 

3 < 37°S -328 0.960 

-40 -4 .2 (X - 37) for 37 .< X < 80°S 

14 *) V • A c corrected for industrial effect 

**\ The quoted values have been measured. Their applicability 
to various *r, jcies of seal is not clear as yet and seal-dates 
must be regarded as being of very limited value, at least in 
the meantime. 



Page 20 

Not all laboratories allow for this "reservoir effect" and even 
when allowance is made, it is done in different ways. 

Results can be referred to the same "reservoir value" for the 
modern standard by simple algebra, let Arl be the value of the modern 
standard as used by laboratory 1. Let Ar2 be the value used by 
laboratory 2. Of course either of these values can be equal to Ao, the 
value for 0.95 Oxalic Acid. Assume the contributor wishes to relate all 
results to Arl. 

Age is given by 

tl = Tm ln(Arl/As) for the result from laboratory 1» 

while 

t2 * Tm ln(Ar2/As) expresses the result from 

laboratory 2. If both laboratories measured the same sample with 
activity (or similar parameter) As, then the difference between the 
results will be 

tl - t2 » Tm ln(Arl/Ar2). 

This value is constant for any pair of values for the modern standard. 
As a result any adjustment for reservoir values is simply the addition 
or subtraction of a constant number of years. 

Take as an example a surface ocean shell from Fiji with a nett 
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counting rate of 70 c.p.m. The result has been calculated without 
allowing for reservoir effect. The value of 0.95 Oxalic Acid was 80 
c.p.m. and the age was given as 

tl = 8033 ln(80/70) = 1073 years for old T, . 
h 

It is desired to convert this age to allow for the reservoir effect 
and the "delta-value" of the Fiji shell standard is given as -50°/oo. 
Age of modern standard P (with V C-14 = p°/oo) is given in terms of the 
terrestrial standard 0.95 Oxalic Acid as 

tp • 8033 In {1000/(1000-p)} . 

The small difference between this equation and the one in Table 7 
(page 39a) is due to the fact that the "V C-14" of modern reservoir 
standards incorporates attempts to allow for the industrial effect in 
the reservoirs concerned. It is noted that ln(a/b) • -ln(b/a), which 
accounts for the alternative forms ln(l+A /1000) and -ln{l/(l+A /1000)}. 

5. OOOTAMHBkXiaf 

5.1 Tine of Contamination 

By contamination we mean that part of the carbon in a sample, which 
did not originate at the occasion or during the process that is to be 
dated or which is not representative of the reservoir concerned, at that 
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time. 

5.1.1. During event to be dated 

Contamination is the most serious problem encountered in carbon 
dating. It sets an ultimate limit to the age range of the method. The 
effects of contamination on age are illustrated in Figure 4. Figure 4a 
shows the apparent ages of samples with different percentages of 
contamination with modern standards. Figure 4b shows the effect of 
contamination with given percentages of inert carbon. When p % of a 
contaminant with age Z is present in a sample with true C-14 age Y, the 
resultant apparent age Y 0 f the mixture can be calculated using the 
equation 

Y a P P - - V n t ( 1 - T S O ^ - b + l oo*^ r > J-
M M 

where T
M is the mean life of C-14. 

6 1 1 Yapp i s plotted as a function of true sample age Y when the 
contaminant is inert carbon (i.e. "infinitely old" carbon with z »» ) 

the second term vanishes and in all such cases equation (1) reduces to -

Yapp = Y - T M l n U -p/100). 

For each value of p this is a straight line which is parallel to 
the line of "no contamination" . Y _ v 

app = Y. 

Figure 4b covers the age range up to 4000 years. 
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5.1.2 Contamination during natural storage 

Contamination can occur while the material of interest was in (or 
above) the ground. A case in point is bone. 

When dating bone it is undesirable to use the inorganic carbon if 
an organic fraction of the bone is still in existence. If an 
insufficient amount of organic matter remains, the carbonate can be used 
to provide a modern limit but often this limit will be so recent as to 
be worthless, because whenever bone has been buried in loose soil, the 
inorganic carbon exchanges with modern atmospheric carbon. This form of 
contamination was not immediately obvious when C-14 dating began. Its 
presence was suspected when moa bones from hearths in pre-European teori 
occupation sites appeared to contain C-14 from nuclear bomb tests, 
whenever the inorganic fraction of bone was used for dating. Organic 
carbon from the same bones gave ages that were more similar to those of 
shells and charcoal from the same hearths. 

As bone grows older the organic content decreases, but not in a 
well-known manner. This makes it impossible to state generally how much 
bone should be used for a date. All one can say is that it is likely 
that in 8 000-10 000 years most organic matter in bone {mainly collagen) 
will have disappeared in New Zealand. 

If only a small residue is left; after ground-up bone has been 
treated with phosphoric acid, it is very important to have a little of 
this residue put through an amino acid analyser or subjected to a 
similar method to determine whether the residue is truly derived fom the 
bones, or whether it is extraneous matter such as humic compounds. 
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Spongy bone is particularly prone to carry such contaminants. If it is 
at all possible, spongy bone is not used, even When the bone is likely 
to have a good yield of collagen. 

A problem with terrestrial bone in New Zealand can be the eating 
habits of the animal or person that the bones were part of. A diet of 
marine origin (fish, shell fish) gives rise to ages that are more than 
300 years older than does a terrestrial diet and it may therefore be 
very important to the New Zealand archaeologist, oceanographer and 
shore-line geologist, to know Which diet applied in the case under 
study. If the diet was a mixed one, the ratio of marine to terrestrial 
food should be known in cases where the expected age is relatively 
young, so that 3 00 years constitutes a significant difference. 

It is hoped that a study of strontium and possibly other trace 
element concentrations may ultimately provide an answer on the 
proportion of marine food in the diet. 

5.1.3 Contamination during handling 

This type of contamination is not so cannon. It can arise when a 
specimen is buried anaerobically, e.g. in a bog, one of the best 
preserving media. Upon exposure to the air) exchange with atmospheric 
carbon dioxide may occur. If it does occur, the effect can be serious 
e.g. bone without remaining collagen nay exchange its inorganic carbon 
in this manner. 

Wherever such a situation is likely to arise the collector might 
consider taking a sealed container into the field or one fitted with a 
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002-trap. 

A prominent warning should be displayed on the package so that 
laboratory staff will be informed when the sample reaches its 
destination. 

5.1.4 Contamination during processing in the~laboratory 

It is probably true to say that contamination in the laboratory is 
very rare. It could arise during alkali treatment of a sample, when 
atmospheric CX>2 might be trapped as carbonate. If this is not removed 
properly, it might become part of the sample. Normally it is washed 
away or alkali treatment is done under nitrogen. 

Laboratory contamination of another; more dangerous kind, could 
arise when a sample is much too small to give a complete counter 
filling. In such a case, a dilutant may be added, usually inert CCL to 
make up the pressure. If the diluted gas is not carefully mixed, a very 
large error may result. If the sample has been discarded before a 
discrepancy is noticed then the only way to check the result is by 
resampling. 

The number of samples that have to be diluted has been reduced 
greatly by the adoption of a new procedure, whereby samples are run 
simply a*-, pressures less than those needed for a full filling, provided 
that the pressure drop is not too great. This eliminates the 
possibility of this particularly serious human error. 
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5.2 Soae aecnanisns of contamination 

We have looked at contaminants that may affect samples in a general 
way. Let us now consider some of the mechanisms and operations 
involved, for all types of sample. 

5.2.1 Adsorption 

Material with a large, active surface area, such as charcoal, may 
be contaminated by adsorption after its initial activation in a hearth, 
near lava or, in the laboratory, after washing and drying in an oven. 
For this reason the drying is omitted at I.N.S. and washed samples are 
burnt while still wet if adsorption's a possibility. 

5.2.2 Exchange of carbon and chemical trapping 

Contamination of this kind is most connon with work on tree rings 
and certain other wooden specimens, when it is desired to remove all but 
a cellulose type of component. 

Frequently non-cellulose components are removed by extraction with 
benzene, methanol, ethanol, ether or processes involving acetic acid, 
etc. It was shown by Jansen (1972), through tests with labelled 
solvents, that the removal of solvent carbon is much more difficult than 
was generally believed. 

For this reason^ a completely inorganic non-carbonaceous treatment 
was developed at the I.N.S. laboratory to produce an uncontaminated 
cellulose or rather a cellulose from which most of the natural 



Page 27 

contaminants have been removed. 

Organic solvents or other organic compounds should not be used on 
sample material for C-14 dating without thoroughly testing such a 
procedure beforehand, using C-14 labelled compounds. 

5.2.3 Preservatives 

Sometimes specimens for dating have been coated with oil, varnish, 
glue, size or preservatives like polychlorophenol (PGP). It is usually 
necessary to remove such gross contaminants. Museum exhibits frequently 
suffer from this kind of contamination. 

5.2.4 Heterogeneous samples 

Art objects often consist of many components. Paintings are the 
most frequently submitted items. Usually they have a frame, a canvas 
and various layers of size, paint and varnish. For radioactive C-14 
dating the frame is the only practical proposition. It is also the 
least reliable part for determining the time that has elapsed since the 
work was painted. Art objects are one category of sample to benefit 
greatly from the routine use of a tandem accelerator. With the tandem 
method a few strands of canvas or flakes of paint from behind the frame 
may be sufficient to yield some milligrams of carbon. 

the types of contamination one encounters with art objects are as 
varied as the range of objects themselves, from the painted paper face 
of a Chinese Diamond King through a Siberian Ikon to ivory bangles from 
Indonesia, sold as antique. 
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5.2.5 Slow accuwulation 

One of the types of material Whose age is most difficult to 
interpret, is the category that accumulates over a long time such as 
soils, peats or (other) sediments. In this type of specimen, several 
contaminating processes are likely to have been in operation: the time 
scale is blurred because deposition is rarely very even, While deposited 
material may be eroded away again, or otherwise be disturbed. 

In additionj contamination arises through "bio transport" of 
carbonaceous material from soil layers outside the soil to be dated. 

Because the rate of deposition of a soil will not be constant, 
especially in localities, Where a single flood may add as much soil in 
one day as is normally deposited over hundreds of years, the "integrated 
age" determined by carbon dating must be interpreted intelligently. In 
particular the precision of the C-14 age and the counting statistics 
expressed in its error have only very limited significance in such cases 
unless it can be shown that favourable conditions prevailed during the 
Whole time of soil formation. In that case a mathematical model can be 
used to interpret the date(s), e.g. Geyh et al. (1971) and O'Brien and 
Stout (1980). 

5.2.6 Other sources of contamination 

"Contamination" includes all cases! Where carbon is present with a 
C-14 age, that does not relate to the event to be dated. 

Strictly speaking, this includes cases Where wood is offered for 
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C-14 dating in order to ascertain the date of construction of the 
artefact concerned, such as a post, a violin, or the building of a fire 
in a hearth. In the case of violin-waking, wood is likely to have been 
used that was already old at the time and carbon dating will do no more 
than establish an older limit of very little significance. 

5.3 Eliminating contamination 

Some methods of eliminating contamination have been mentioned in 
the preceding sections, the most important of which may be called 
'preventive' procedures. There are few effective and universally 
recognised ways of removing natural contamination from materials such as 
charcoal, soils or even wood. Certain methods have become widely 
adopted, but this is not necessarily evidence of proven effectiveness. 

Soils are treated with 2% phosphoric acid and then washed with 
water. They are burnt while still wet. Charcoals are treated with 
water unless the possibility of contamination with limestone is 
indicated. 

Tree ring samples for dendrochronology work are leached with a 
solution of sodium hydroxide to remove resin acids, then treated with 
sodium chlorite to remove lignin. The suspension is then acidified with 
phosphoric acid and the remaining cellulose is washed with water. Air 
is excluded during the alkaline treatments. 

Bone is leached with phosphoric acid to remove carbonates. In the 
past this used to be done with hydrochloric acid, but with HC1 the 
evolution of carbon dioxide would often come to a halt before either 
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carbonate or acid was exhausted, for no known reason. Phosphoric acid 
does not present this probera. Yields are also better with the less 
hydrolytic phosphoric acid. 

Shells are studied with X-ray diffraction to detect whether the 
outside layers have changed from aragonite to calcite. If so, the 
calcite is leached off and XRD is repeated to ensure that calcite 
removal has been adequate. 

5.3.1 Soils and Charcoal 

We shall look a little closer now into soil-contamination. The 
problem lies mainly in deciding which carbonaceous compounds are most 
representative of the event or the interval one wishes to date. Soil 
scientists are divided on this issue. 

Much of the discussion centres on the order in which the various 
main categories of decomposition products are formed in nature: from 
shorter-chained to longer-chained ones, or vice versa. Decay products 
in the soil nay be divided into three groups of compounds, all of which 
are themselves "chemical artefacts", characterised by their solubility 
(or lack of it) in various liquid media. In this way one distinguishes 
"humic acids", "fulvic acids" and "humins", the latter being the least 
soluble in the various media. 

Attempts have been made to date these components, but until such 
attempts give repeatable results that are statistically very 
significant, and until soil chemists reach some unanimity on their 
interpretation, the I.N.S. laboratory does not intend to spend much 
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time on elaborate and controversial pretreatments. 

Contributors of soil samples of course are at liberty to apply 
special pretreatments before submitting their samples. In that case the 
laboratory requests that salts and reagents be removed prior to sending 
in the material and that the procedure adopted be described in 
publications. 

Other problems associated with soils are mentioned in Chapter 15. 

5.4 Pretreafent 

Normally the only pretreatment which should be carried out by the 
contributor before sending samples off to one of the screening services 
or to the radiocarbon laboratory of the Institute of Nuclear Sciences is 
drying at temperatures below 100 C and the removal of rootlets and other 
obvious contaminants. In special cases arrangements for further 
pretreatments can be made. 

Mauld is not a contaminant because its carbon content is the same 
as that of the sample on which it feeds, the only precaution required 
with fungi is that the mycelium does not penetrate beyond the boundaries 
of whatever is to be dated 1 

If contributors are considering other courses of pretreatment they 
are advised to consult the INS C-14 laboratory. An important feature of 
chemical pretreatment by a contributor should be the removal of the 
waste products of such treatments before submitting a sample for dating. 
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6. SECULAR EFFECT - CALIBRATIOH 

Let us recall the equation for C-14 age 
A 

t - T in-r^ , 
m A s 

w n e r e A
0 is the C-14 activity at the time, when the sample became 

isolated from its carbon supply through death or otherwise. It is 
essential that A Q ̂  imam, as well as the measured activity Ag, if the 
"age" t is to be determined. 

"Age" is the interval of time between the moment when the C-14 
activity was A Q and the time of measurement or more usually the year 
1950. In the early days of carbon dating it had to be assumed that the 
contemporary level had never varied to any extent, an assumption, which 
we now know to be correct within some 10%. Later it became clear that 
A

Q had changed by several percent and work was started to calibrate the 
"C-14 time" scale against a "calendar time" scale. For the period going 
back to 6800 B.P. (before present) tree ring studies provided the 
"calendar" time. For earlier ages there is little reliable calibration 
that is better than about 10%. 

Corrections based on dendrochronologically dated wood are applied, 
using a variety of tables. The one used by I.N.S. was distributed by 
Michael and Ralph at the 8th international Radiocarbon Conference in 
Lower Hutt. A "second getieration" calibration table will probably be 
used in the near future to overcome some of the shortcomings of the 
present one. The new calibration is based on a continuous function, 
generated with cubic splines (Fig. 5) (Clark, 1975). It thus avoids 



Page 33 

the sometimes very large steps between time intervals in the Michael and 
Ralph table. All but two of the "squiggles" have disappeared in the 
process of taking carefully considered weighted means of all known sets 
of dendrochronologic calibrations and of recognizing most of the 
squiggles as a symptom of "noisy" data. Before Clark's curve is 
introduced more definite data on the reality of the squiggles should 
become available. 

All tree-ring calibrations suffer from the shortcoming that they 
extend only to some 6 900 of the 40,000-60,000 years of the C-14 
method's range. This is especially unfortunate when a series of 
measurements extends beyond 6 800 years, because the corrections 
required are greatest at that end of the range (+700 to 800 years). The 
relationship between C-14 age and the secular-corrected age 
corresponding to it, is non-linear. In fact it is rather irregular. 
This can result in an equally irregular probability distribution around 
the most likely value. The problem is illustrated in Figure 6. 

It is not simple to make allowance for this without an XY-plotter 
and a computer. Fortunately it rarely matters sufficiently to merit 
attention. When it does matter one may use an appropriate algorithm and 
depict the results in the form of a graph. 

Without going quite that far, a semi-quantitative impression may be 
gained by drawing the error curve on the abscissus of a plot of 
calibrated age versus nominal C-14 age. In the error curve equi-distant 
ordinates and their projections onto the ordinate axis are drawn as in 
Figure 6. If the lengths of the original ordinates are multiplied by 
the distance between the projected ordinates, a good impression of the 
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(calibrated) probability distribution can be obtained from the 
distribution of the product of these two quantities. 

Samples that do not derive their carbon directly from the 
atmosphere or from short-lived life forms, but from reservoirs like the 
oceans can be expected to reflect mainly the slower trends in the 
calibration curve. Similarly soils may be accumulated over a long time. 
For soils and peats a secular correction is applied if the C-14 age 
exceeds 2 500 years, i.e. when the correction will exceed the 
uncertainty due to slow accumulation. 

In all of those cases calibration is a problem. In the context of 
calibration one point needs special mention. The I.N.S. C-14 
laboratory reports ages calculated with both old and new mean lives. 
Whenever applicable, it also gives a calibration-corrected age and in 
that case the mean life is irrelevant, because the calibration has 
superceded it. 

This is obvious on reflection, because calibration means the 
comparison of 1 4 C age (using any mean life at all) with a presumed 
calendar age. The 

14c 
age is then corrected to bring it to calendar 

age. The correction will simply be of different value depending on the 
mean life used, but the corrected age itself will be independent of mean 
life. This point arises frequently. 

The calibration of C-14 ages in terms of proper treering ages 
obviously provides the most accurate results. Hence the "secular 
corrected" age is likely to be the best available. Wherever it is 
given, authors should use it in their publication. 
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At the same time the calibrations are subject to review from time 
to time. To allow readers to adjust ages accordingly, it is recommended 
that either of the uncalibrated ages be quoted as well. 

6.1 Secular Effect' for Surface Ocean Shells 

Let us take a special look at marine shells. 

The atmospheric fluctuation in C-14 level must be reflected in 
surface ocean carbonate in damped form. 

Until it shall be known how the C-14 level in the surface ocean 
around New Zealand (and around other territories of interest to us) has 
changed, it is not possible to apply an accurate correction to surface 
ocean samples. 

A correction for secular effect will generally be applied to 
material of this kind, when the error incurred while so doing is 
certainly less than the error caused by not correcting at all. In 
general this will be the case for samples with ages greater than 2 500 
years, the same figure as the one used with soils. Special 
circumstances may indicate a different procedure in individual cases. 

7. ISOTOPIC FRACnOHATIOH 

A number of physical and chemical processes that occur in nature 
cause changes to take place in the ratios of the different carbon 
isotopes. This phenomenon is known as isotopic fractionation. 
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In C-14 dating this phenomenon causes errors because a change of 
the C-14/C-12 ratio would be interpreted as a change in age. 
Fortunately any change in C-14/C-12 due to isotopic fractionation is 
accompanied by a smaller change in the ratio C-13/C-12. C-13 is inert 
but it is present in large amounts: about 1.5% of carbon. 

Consequently C-14 counting-rates of samples are normalised to the 
values they would have had if all had the same C-13/C-12 ratio. The 
C-13/C-12 ratio is expressed in terms of its enrichment with respect to 
that of a standard substance in parts per thousand ( % » ) . It is 
usually represented by the symbol 6 C-13. The standard is Peedee 
Belemnite from Chicago or "PDB". 

During the original formation of living organisms and their 
attachments (shell, horns, nails) the C-14 atoms undergo roughly 
twice the fractionation of C-13 atoms. It is simple to measure the 
C-13/C-12 ratio with a mass spectrometer. 

Typically 6 C-13 values of terrestrial samples are -25°/oo, but 
marine shells (and sea water) are between -4 and +4°/oo while 
terrestrial shells are more like -8°/oo. Grasses (including cereals) 
fall into two categories, depending on the type of photosynthetic 
pathway: grasses typically have 6 C-13 values of either -25 or -12°/oo. 

Soil carbon tends to be more depleted in the heavy isotopes, with 
o. 

5 C-13 ranging from -25 to -35 ' &• The nost negative 6 C-13 encountered 
by our laboratory was -82.5°/oofor algal mats from the Dead Sea. It was 
not possible to do an independent duplicate to check that exceptional 
value. 
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From the facts presented here it will be obvious that it is 
important to know 6C-13 for certain kinds of samples. Not all 
laboratories produce this information; a point to be be remenbered when 
comparing sets of data from different institutions. In earlier years 
6 C-13 was only determined at I.N.S. for marine samples and for others 
that were known or suspected to have 6 C-13 values that differed 
significantly from -25°/oo. 

For many years however, 6 C-13 has been measured for all samples. 
C-14 results are normalised to allow for varying 6C-13 values. The 
C-14 counting rate, adjusted for fractionation (A - . ) f ^ s related to the 
apparent rate A ^ a i ) d to fiC_13 (^^ r e s p e c t to the PDB standard) as 
follows:-
Aadj " Aapp ° ' TSoO [ ( 6 C" 1 3PDB + 25)xl.026]+3xlO-6[(6C-13pDB+25)xl.026]2} 

8. REPORTING RESULTS 

Mast contributors' results are reported as ages, rounded as shown 
in Table 6. „ ., , _ ,. . . Table 6. Rounding of Ages. 

Age-range Age rounded Standard deviation Precision, % 
years off to rounded up to 

nearest nearest 
1- 1 000 1 1 > 0.1 

1 000- 2 000 5 5 0.25-0.50 
2 000-10 000 10 10 0.10-0.50 

10 000-20 000 50 50 0.25-0.50 
20 000 upwards 100 100 -> 0.50 

The relationships between the different modes of reporting are 
listed in Table T, where y - year A.D. of measurement, % M - percent 
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modern, T M = n ^ l i f e ( o l d . 9033 +_ 43), (new : 8268 +- 58). 

As a matter of interest 0.95 of the specific activity of the Oxalic 
Acid Standard of the (United States) National Bureau of Standards is 
13.56 +- 0.07 disintegrations per minute per gram carbon. 

Results are also given as "percent modern". Which is the sample's 
C-14/C-12 ratio expressed as a percentage of that ratio for the 
appropriate modern standard. 

In another form of reporting, activities are expressed as per mille 
enrichments with respect to the universal standard: 0.95 of the 
activity of oxalic acid of the (U.S.A.) National Bureau of Standards, 
corrected back for decay to the 1st, January 1958. The symbols used for 
this enrichment are 6 C-14 if the sample count rate has not been 
adjusted for isotopic fractionation, and A C-14 When it has been so 
adjusted. 5 C-14 is not usually of much interest. Some laboratories 
use additional symbols. 

Ages are calculated for two different values of the mean life of 
C-14. The original value has been in use for a long time and is 
sometimes called the Libby mean life. When a series of more recent 
determinations produced a figure that was 3% higher than the "old" mean 
life, the radiocarbon camunity would not adopt this new (Godwin) value; 
in case further modifications would be made. 

In fairness to contributors the ages of samples are reported with 
both mean lives, as well as after correcting for the "secular effect". 
Ages corrected for secular effect are, by definition, independent of 
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half-life (see Chapter 7). 

Ihe different half-lives and mean lives of C-14 are summarised in 
Table 1 (Chapter 2). Ages can readily be converted from "old" to "new" 
mean life and vice versa: 

Age to new mean life - Age to old mean life x 1.029095. 
Age to old mean life = Age to new mean life x 0.9717277. 

9. LIMITS OP DATING 

Errors are usually quoted as one standard deviation on either side 
of the calculated value of the age, assuming syntnetry round this value 
up to ages of 35,000 years. Beyond 35,000 years the asymmetry of the 
error makes it desirable to quote positive and negative errors 
separately. 

At the upper end of the time scale the current practice (July 1964) 
is to quote limit-ages when the activity is equal to or less than three 
standard deviations. 

For ages of less than 250 years B.P. the age is given as "modern". 
Any more specific age within this range is the result of a calculation, 
but has no real significance. 20C years was the limiting value used for 
a long time, but recent work with the modern rings of a Thuja plicata 
tree showed this to be insufficient. 

Most other laboratories give actual values for ages that are less 
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than 250 years without comment, an error we have made ourselves from 
time to time. 

In general, the quoted error in age is only that error that is due 
to counting statistics, uncertainty in the mean life of C-14 and also to 
dilution with gas of a different activity. 

A better method would be to base the quoted error on a series of 
repeats of independent preparations of a sample, because experimental 
errors should not really be left out of the quoted error. Unfortunately 
such a course is not practicable. 

Uncertainty in the value of the mean life is inmaterial when C-14 
ages are compared with each other, but it can become important when C-14 
ages are compared with ages that have been derived in a different 
manner. 

10. COMPARISON OF RESULTS FROM DIFFERENT LABORATORIES 

Results often have to be compared with those from other 
laboratories; e.g. to decide whether sets are contemporary. 

The subject of contemporaneity or coevalness properly belongs 
within the field of science that produced the samples and it will not be 
discussed here, but results from different dating centres are not 
necessarily reported all in the same manner. The conti'ibutor has to 
know exactly what a reported date and its error mean in each case, 
keeping in mind that practices may change with little, if any, 
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notification. 

For the actual dates the contributor should ascertain -

1. Mean life used; 
2. Corrections applied, particularly for isotopic fractionation, 

especially with shells or cereals; 
3. Method used for rounding off. 
4. Modern standard used 

11. ART OBJECTS 

There has been an increase recently in the number of requests for 
dates of objects of artistic and/or economic value. With the 
radioactive dating system used at I.N.S. at present, the quantities 
required for an adequate date are of the order of 30 grams. In the case 
of paintings it has been necessary to fall back on associated items, 
such as frames or the wood on which ikons are painted. 

Clearly this is one field where accelerator-mass spectroscopy 
should be the method of choice because the amount of carbon needed is of 
the order of milligrams. 

A more fundamental problem with art objects is that it might be 
important to identify a date that lies within the past 250 years B.P. 
This cannot be achieved with any degree of reliability because the 
effect of ageing on the C-14/C-12 ratio is offset by the increased use 
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of fossil fuels. The net effect is that C-14 ages are essentially 
constant for true ages up to 250 years. 

Apart from these considerations there often is the more fundamental 
one of deciding which material in a work of art is likely to be the most 
representative for the date of its production. Unfortunately, with 
radioactive dating, the amount required for the best work of this kind 
is too large. With the tandem accelerator method of C-14 dating the 
work on art objects should be in a much better position. It is unlikely 
that routine dating with the tandem will be a reality much before 1965. 
Nevertheless we should say something about it here. 

12. C-14 DATING BY TANDEM ACCELERATOR 
Recapitulating: 

C-14 dating is possible because natural C-14 becomes part of living 
organisms through photosynthesis or through eating. Upon death or by 
some other form of isolation from the C-14 reservoir the radioactive 
C-14 content begins to decline. If its initial concentration is known, 
the time that has elapsed since the take-up of C-14 stopped can be 
calculated by measuring the C-14 concentration that is left. That 
concentration cannot be measured by conventional mass spectroscopy 

12 
because the ratio C-14/C-12 is of the order 10" , which is too low for 
mea jring the specific activity or a quantity that is proportional to 
it, such as the counting rate of'fixed quantity. Because the rate of 
decay is slow, samples are made as large as possible. 

Into this picture has come a development that has brought the mass 
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spectrometer idea back into consideration. In 1972 a group tried to use 
high sensitivity mass spectroscopy to detect C-14 against the background 
of C-12 and C-13. The experimental problems were formidable but the 
basic idea was pursued further by improving mass spectroscopy for this 
purpose by replacing the conventional mass spectrometer tube, where ions 
are accelerated by a full-sized particle accelerator, allowing for much 
better mass separation and detection. One problem was the presence of 
positive nitrogen-14 ions which cannot be distinguished from C-14, both 
having the same mass. 

One of the more attractive solutions was to use a tandem 
accelerator, which produces nitrogen ions of opposite polarity, and 
negative N-14 ions are so unstable that very few will reach the 
detector. 

12.1 Sttall sables 

It was soon realised that the quantities of sample involved in the 
new method could be quite small and, at present, several milligrams is 
all the carbon that is required. 

Obviously such a method can be of great advantage where samples 
must be very small. A second advantage is that the C-13 concentration 
an be determined also in the same manner, allowing for correct, ions for 
isotopic fractionation to be made without separate preparations. This 
point has been a particular weakness of liquid scintillation counting 
where direct C-13 measurement of the prepared sample is not possible at 
all. 
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12.2 Contamination Problems 

The third advantage of the tandem method is more qualified. The 
higher sensitivity of this technique enables greater ages to be 
determined. While the smallness of the samples allows for a reputedly 
simple method of C-14 enrichment by laser. The problem with this and, 
to some extent, with all very old samples is the need to protect and 
free the sample from contamination with modern carbon. Ultimately, this 
problem imposes an absolute limit on the method because a trace of C-14 
is made by natural processes in carbonaceous material after their death. 
This limit is of the order of 100,000 years, but contamination problems 
are likely to become prohibitive well before that point will be reached: 
gases used in chemical preparations, as well as other chemicals must 
satisfy special requirements of purity, i.e. the absence of carbon 
compounds, etc. 

12.3 Experimental error & applications 

A disadvantage of tandem dating is the large error of a C-14 
determination, due to variability of the ion beam and of acceleration. 
This might be overcome by simultaneously monitoring a constant 
proportion of the C-13 beam. 

An interesting possibility of the method is that objects can be 
dated and other organisms can be studied while rates of replacement of 
tissues in living specimens can be determined from biopsies and 
autopsies. Samples of actual paint can be taken off a painting without 
damaging the work (e.g. frcm under the frame). 
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Items in musea and other collections become accessible for dating 
when these items are not going to be burnt in toto and a much wider 
range of samples should become available for calibrating the C-14 
method, as well as for the actual dating work. 

12.4 Experimental technique 

Samples are converted to graphite pellets and irradiated with a 
beam of ceasium ions. This causes negative carbon ion to be emitted. 
These ions are accelerated and made to pass through a "stripper" where 
the polarity of the ions is reversed. The positive ions are further 
accelerated and passed through a magnetic field where the isotopes are 
separated. The different isotopic species can be collected and measured 
by varying the fields through which the beam passes. 

13. REQUIREMENTS OF CONTRIBUTOR 

Contributors should prepare and send the necessary documentation 
and samples in such a way that the result of C-14 dating is likely to be 
the best possible. 

13.1 Collection i Packaging 

C-14 cjtating should not be an after-thought, except in rare cases 
when a truly unforeseeable and important circumstance arises after 
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collection. Even then certain data should have been noted and certain 
precautions taken: the full date of collection should always be noted. 
The location should be described in such a way that any worker who 
wishes to go to the site can find it readily. To this end photographs 
of the site/s should be sent with samples. 

There is a danger of contamination if samples are wrapped directly 
in plastic. If possible they should be wrapped in metal foil or placed 
directly in a metal container. 

Samples preferably should not be placed wet in plastic wrapping. 
The reason for this requirement is that living organisms may be present 
in the water and that these will release (bi)carbonate upon digestion of 
the plasticiser. This effect can be seen in Pig. 3, which shows C-14 
results of sea water samples (stored in plastic drums) taken at Nbkara 
from 1969 to 1977. Since the effect described was discovered, late in 
1972, organisms are poisoned. 

Prior to this, samples suffered a depression of C-14/C-12 ratioi 
which was proportional to the time of storage in the drums. The lowest 
point in this graph is depressed by about 20% of nodern standard. This 
corresponds to 1600 years. 

There should be sufficient sample to allow the laboratory to 
achieve the required precision as indicated in Table 4. If the amount 
of sample is not sufficient to answer the question which the dating is 
supposed to decide, C-14 dating will be of little use. 
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13.2 Botes on Materials 

Contributors can help greatly to have their samples processed at 
the earliest opportunity, by providing the fullest possible information 
with each separate sanple. When information is scanty or missing, 
sanples have to be put aside until the resultant queries have been 
resolved. 

Geographic coordinates are vital for all non-New Zealand sanples 
and very helpful for local ones, because readers in other countries nay 
not have the maps required for interpreting grid references. It should 
be stated clearly whether longitudes are east or west and whether 
latitudes are north or south. Use metric grids for New Tealand. 

The reason for asking an estimate of an acceptable age range in the 
forms is that it enables a serious discrepancy to be detected at an 
early stage, when it is still relatively easy to run extra checks on the 
work. The estimated age, if estimable, should be given in years, not in 
terms of geological stages. 

Contributors are asked to secure wherever possible; sufficient 
sample for two independent preparations. The second one is retained by 
the contributor as a stand-by in case the first sample is lost or the 
result is unacceptable. 

A palaeosol from the Palmerston North area was found to contain 
C-14, far in excess of the amount in air, which is the highest "natural" 
reservoir. Ultimately the cause was traced to a C-14 labelling 
experiment. 
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This illustrates how unusual or unexpected processes or events nay 
be encountered whenever a new type of sanple is used or when the history 
is uncertain. 

A known source of possible error can be a limestone environment in 
which the specimens were buried. Usually this can be dealt with quite 
readily if the fact is known and the laboratory has been advised. A 
proper statement of purpose, i.e., why a sample is being submitted, can 
be of considerable help in estimating what precision the contributor is 
likely to need. 

Knowledge of this kind allows the laboratory to decide which 
counter to use for a sample and for how long to count. 

In special cases further arrangements can be made, such as 
alternating sample runs with background runs or with another sample. 

If contributors seek the maximum attainable precision 
unnecessarily, much time will be wasted. Samples with less than maximal 
requirements can be fitted into programme slots with more ease and 
results will be available that much sooner. 

14. PROCEDURE FOR SUBMTTCSG SAIffLES 

The capacity of the I .N.S. laboratory to cope with samples has to 
be natched against the demand. To this end proposals for dating are 
screened by one of two screening committees: archaeological and 
general. The archaeological committee includes two referees, who handle 
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proposals for dating: Contributors nay submit sanples through either 
referee. They are 

Mr R.6. Law, 
112 Gowing Drive, 

AUCKLAND, 5. 

and 

Dr B.F. Leach; 
Department of Anthropology, 

University of Otago, 
P.O. Box 56, 
DUNEDIN. 

Archaeological screening is carried out under the aegis of the New 
Zealand Archaeological Association in cooperation with the New Zealand 
Historic Places Trust. 

Screening of other sanples is undertaken by a team of five referees 
for different geographical regions, as follows: 

Dr R.P. McLean, Department of Geography, University of Auckland, 
Private Bag; Auckland. Region - North of North Island down to latitude 
of Taupo (see map), as well as Pacific Islands. 

Dr M. MsGlone, Botany Division, D.S.I .R., Private Bag, 
Christchuroh. Region - Middle of North Island from Taupo down to 
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Masterton (see nap). 

Mr K. Berryman, N.Z. Geological Survey, P.O. Box 30363, Lower Hutt. 
Region - South of North Island from Hawera down, and North of South 
Island down to Westport. 

Mr P.J. Ttankin, Lincoln College, Private Bag, Lincoln. Region -
Middle of South Island from Westport down to Timaru (see map). 

Dr R.E. Fordyce, Department of Geology, University of Otago, Box 
56, Dunedin. Region - South of South Island down from tount Cook (see 
map), as well as Antarctica. 

Contributors should ensure what work has been done in the past to 
prevent duplication. The person in charge of the file of work by fossil 
record number is:-

Mr K. Berryman, 
New Zealand Geological Survey, 
P.O. Box 30368, Lower Hutt. 

Prospective contributors should outline the purpose of the work, 
show the need for C-14 dating, and provide other information to enable 
referees to reach a decision. A checklist used by referees is 
reproduced in this manual. 

Separate forms are available for archaeological and for 
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non-archaeol jical samples. Mich of the required information will be 
entered onto those forms by the contributor, who sends two duplicates 
with each sample to the referee. 

It is important to enter all the required data with every sample of 
a series because samples are likely to be processed quite separately 
front others in the same series, so that referring to a single form is 
not a practical solution and will cause unnecessary correspondence and 
delays. 

Both types of form are reproduced in this manual. 

14.1 "Estimated age* and "Known age limits" 

The purpose of this item is to enable ages calculated from C-14 
measurements, to be compared with the contributor's expectations. If 
the difference is considerable all previous procedures, working and data 
are gone over painstakingly. If the discrepancy persists and is an 
isolated case within a series, or concerns a single sample, the 
contributor is contacted, if possible, or else the contributor's 
"agent". Contributors should familiarise someone in their laboratory 
with background information on samples, so that a contact person can 
always be found. 

"Age estimate" should be given in years B.P., i.e., years before 
1950. Estimates in forms of year B.C./A.O. have to be converted to 
years B.P. before they can be used. Age estimates should also avoid 
geological stages. 
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14.2 Geographic Coordinates 

Overseas correspondents frequently request geographic coordinates. 
It is convenient if this question can be answered simply, even if the 
coordinates are not given with great precision. Coordinates should 
include the distinction "North" or "South" for latitude and "Bast" or 
"West" for longitude, especially for places near the equator and/or near 
the 180th meridian. 

15. PEATS AND SOILS 

Peats and soils present two main problems for C-14 dating: 

1. What does a measurement mean in terms of the time taken 
for the sample to have accumulated? 

2. Is a better age obtained by homogenising a relatively 
broad and thin horizon of soil or by selecting a small 
integral quantity? 

There is probably no complete answer to either of these questions, 
but some considerations can be made. 

On the first point, the meaning of soil-c.ge, the situation can vary 
widely. Seme circumstances, such as a major flood, may cause a great 
thickness of matter to be deposited in a very short time as was 
described earlier. The material that contributes to a soil is likely to 
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cover a wide range of earlier years. This is especially true for tree 
trunks of long-lived species. 

At other times a soil may be formed slowly i from litter deposited 
gradually. 

When catastropic events such as volcanic eruptions destroy 
vegetation, the ash layer will contain carbon that spans a finite range 
<~£ time. It may then be buried by later material, and so forth. Which 
materials are most representative of the age one seeks to measure has 
not been aswered with any unanimity, which leads to the second point. 

Whether homogenised material or selected items give the better age 
would, once again, depend upon the specific aim of the study. As stated 
earlier, large roots, stunps and trunks often give very incongruous 
dates. Fine material, on the other hand, may have been subject to 
movement. Here also no perfect answer seems to exist as yet. 
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OJOSSMCI OF TERMS 

t time, age 

TJJ mean life 
T !j half life 
A parameter proportional to C-14/C-12 

(e.g. A Q original value of this parameter, 
A

s measured valued for sample, etc.) 
a standard deviation (Poisson statistics) 
Y » z a 9 e (••9- Y

a p p -apparent age) 
p percentage of contaminant with age Z 

5 C-13 enrichment in C-13 isotope, as °/co with 
respect to PDB 

PTO Belemnite standard for 5 C-13, from the town 
of Peedee near Chicago 

A C-14 enrichment in C-14 isotope after normalisation 
for isotopic fractionation, in °/oo with 
respect to 0.95 NBS Oxalic Acid Standard unless 
stated otherwise 

NBS National Bureau of Standards (United States) 
V or 7 C-14 same as A C-14 but adjusted for industrial 

(Suess) effect 
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ARCHAEOLOGICAL 1<C SAMPLE FORM 
N Z Archaeological Association tor Institute o l Nuclear Science 

COLLECTORS SAMPLE NO LABR CR. HZ 

2 COLLECTOR Nam* 

Address 

Oat* ol Collection: 

3 SUBMITTER 

Address 

Date or submission: 

4 A SITE INFORMATION - New Zealand S*mpl«a 

&te nam* 

Sit* number in Sit* Recording Schema: 

District 

NZHPT ocavanon parmii number 

LOCATION (hn in bom columns il possible) 
NA riONAL YARD GRID 

NZMSt Map nam* 

Map numcer. 

Edmon: 

Grid Ret E: i i 

(6 l«gur*»)N. I I 1 ,J 

N.Z. MAP GRIO (Metre) 

NZMS260 Map name: 

Map number 

Edition: 

Grid Ret E: . r~r . . 
, , TT , , 

4 B SITE INFORMATION-non-New Zealand Sampm 
(Please gnre luliest possible details ol «te name and localion, including recognised national sit* numbers H appropriate.) 

Sue Latitude Longitude: 

5 SAMPLE LOCATION IN SITE Relate to sit • grids, site stratigraphy and to other samples. 

STRATIGRAPHY COLUMN 

Print** by Oueo Unneniry 
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SAMPLE MATERIAL (Sa« 13 (01 chaicoal sampMs) 

Dnadwa:j.ir grj.-ns 

TREATMENT OF SAMPLE (plaaja no!* daurfs ol axcaoaMMi. Ireaunani and alorag* tinea coaacbon) 

8 POSSIBLE CONr-tMINANTS 

DUPLICATE SAMPLES 

1 0 CCi. LECTORS * 0 E ESTIMA TE G M « a (MM ranga you wookl and acapuoM botfi in atuoiuta M ana rata*** » ofta* aaatpfaav 

Oasi* ol in« (tunala. 

1 1 SlGNifiC<<NCEVvnatt>oyouw!4ii>Miamptalodaia?Spaci^av«nisinllMSHanisloryand/or 
information, wnyis mo sampta or •nportanca? 

12 ADDITIONAL COMMEN f S 

13 CHARCOAL <0£NTfFICA ion Ont any aitormafton an Meal Vaoaunon wntcti mat " • rataaane 

LAB USE r CooMMMa 

1 4 NZAA Ufa </« i 
Comiranta 

L_ 



FOSSIL RECORD FORM 

RADIOCARBON DATING 
1>» kiMt ihoold b* ••».•»•.! •••Ji».ul ol GSNZI lot samples M M lur Katl«ca>ban Oaong. 
ft *nu4t bt *«9;*:*^J in : kc n<j:n-M *3y 

FOSSIL RECORD NUMUFH: 

A L _ 
Af/MS r Starr J ttrHltvaib* 

COLLECTORS OATE OH COI.LEC1 ION 

tf c-7i!-ci'On *ru«> Cuttui't GniOAEFc rtCNCC (Natural 

7 tor Katjtt m*trl 

Y#tO Gr 111 tfl ijr mOMA r*w 

depth 

1 W * f , T V >- f i 

/ ?b.(W 

rtCNCC (Natural 

7 tor Katjtt m*trl Wii^ttr /Ktftitjtr tJtCmj tM* thing 

Country 

LlTHOSTRATtCnAPHiC MAME. if ***.lab'e: 

A__I UApubftthtd • 
FOSSILS IN PI ACf> 

V n AIRMHI 

C O L L S C T C O *OR RAl**3CARBON SENT TO. or HCLOBY: 
• 

OR NOT COLLECTED. InJl lo>»» s j m l m r t t o * i -

fitraon bbor.irorr 

STRATIGRAPHY 

NATURE OF SAMPLE : shell bant chtti.'i luvn i*igs :;.i*ill Wanchcs 

p«ai soil cr»*irco*l Othurfcfictv.V 

lurg*. SfiuMtfM. 
from oultr part? « n b»rk prtstni' how many lings? 

POSSIBLE CONTAMINANTS 

WEIGHT Of DRIED SAMPLE 

ESTIMATED AGE 

°o CAR60N IF KNOWN 

grams KNOWN AGE LIMITS 

ESTIMATE BASED ON 

COMMENTS 

FOH LAB USE ONLY 

AGE cnut 



STATEMENT OF STRATIGRAPHY 

ASSOCIATED FOSSIL ARTIFACTS t i c 

STRATIGRAPHtC INFORMATION 
Sactian ilov^ng rdanonalii|> oi cfci^ilMt t,».c3tt to M t w bad* ami u m p u t 

Mhotogy 

SIGNIFICANCE OF SAMPLE fmnt b0npiiti»diHl may tmvuarn Out lint 

METHOD OF PREPARATION OF SAMPLE ttwtmi >uf cittno*). ,o<,i% ,mno,«l,i:j 

Ti'iPOSlTORY OF DUPLICATE SAMPLE 


