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A potential usefulness
of radiocarbon dating for the authentication
of Nicolaus Copernicus’s grave'

Abstract

The authors analyse the potential usefulness of the method of radiocarbon dating
to examine the grave of Nicolaus Copernicus, whose age is, in some sense, beyond
the scope of the method which serves prehistoric archaeology rather than historic
archaeology. The critical element in this case is the calibration curve, the shape
of which makes it impossible to distinguish some “dates”. A diagram was given
indicating the age of the samples that can be distinguished using the method of **C.

Keywords: radiocarbon, “*C, absolute dating, calibration curve, dating of the al-
leged grave of Nicolaus Copernicus.

1. Introduction

As it is apparent from the publications of the team of Professor Jerzy Gassowski
(cf. e.g. Gassowski 2005; Gassowski (ed.) 2005; Gassowski (ed.) 2008), the ra-
diocarbon dating method was not used in the search for the grave and the remains
of Nicolaus Copernicus at the altar of St. Cross of the Archcathedral Basilica in
Frombork. Therefore, in this article we recall the basic information about the
method and point to some possibilities of its application in the particular case of
study of the grave of Nicolaus Copernicus.

! The paper was peer-reviewed by Professor Marek Krapiec, Habilitated Doctor in Technical
Sciences (Laboratory of Dendrochronology and Malacology, Department of Environmental Analy-
sis, Cartography and Economic Geology, Faculty of Geology, Geophysics and Environmental Pro-
tection, AGH University of Science and Technology, Krakow).
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2. Formulation of the problem: the relevance of the results
of the dating using carbon isotope '*C

The radiocarbon absolute dating method, based on the carbon isotope '*C is widely
used in archaeology, since its range of application is up to 50,000 yr b2k (before
2000). A result of the dating is such an age range that the actual (real) age of the
object falls within the given range with a probability of 0.95 or, depending on the
epistemological preferences of a researcher, 0.68 (these numbers result from the
range £2¢ and +16 of the normal distribution, with ¢ being the standard deviation).

It should be emphasized in this context that for a historical period not very
remote from modern times (last 500 years), this method is less useful than for
ancient times, because of the relatively large measurement uncertainty, i.e. the
width of the age range mentioned. While, for example, 7060BC-6750BC date
is acceptable and can bring a lot of information in archaeological research, the
historical date 1490AD—-1650AD can be useful only in an extreme situation of
a lack of any a priori knowledge about the object. Nevertheless, the “C method
is used for the dating of historical objects. Therefore it is necessary to examine
the accuracy of this measurement method in more detail.

3. The calibration curve

The radiocarbon method is strongly dependent on the so-called calibration. In
other words, what results from the physical fact that the '“C concentration in
the atmosphere in the past was not exactly constant is the necessity to use the
so-called calibration curve in the measuring procedure (fig. 1). This is obtained
by taking measurements of thousands of samples of otherwise known age, for
example from dendrochronology (Reimer et al. 2009). As a result, this method
is substantially free of the so-called systematic shift error — some nuances of the
problem were noticed by Adam Walanus (2009).

Figure 2 shows a fragment of the calibration curve for the last six hundred
years. Using this enlarged graph, it is easy to explain how the calibration proce-
dure works.

The result of the measurement of the '“C concentration in the sample is given
on the vertical axis. As any typical measurement result, it is subject to normal
distribution (cf. fig. 3).

A typical value may be 500+30 years BP (radiocarbon years before present).
In this notation 500 years BP is called the radiocarbon date or, better, radiocarbon
determination, whereas the value of 30 years is the error (uncertainty) of meas-
urement. The value of the measurement error characterizes, in some sense, the
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Fig. 1. The calibration curve of the radiocarbon dating method (IntCal09). The line is wiggled
because of instabilities of the rate of production of *C as well as the atmosphere/ocean carbon
exchange rate. The horizontal axis represents the age in years, while the vertical axis — the rela-
tive concentration of radiocarbon in the sample expressed in the so-called radiocarbon years
(actually thousands of years; the abbreviation BP means before present, i.e. 1950AD).
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Fig. 2. The part of the radiocarbon calibration curve relevant to the subject. Two lines illustrate

the precision of the curve itself. The precision, or rather the imprecision, or simply the measure-

ment error of dates is in the range of 30—50 yr BP, as a rule. As a result, the samples of the age

for which the expected “radiocarbon determinations” differ more than 60 or 100 years, would

be distinguished. The dates of birth and death of Copernicus are marked. The graph axes —
cf. the previous figure.
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quality of measurement — to achieve a low measurement uncertainty we need to
spend more money, because it requires a longer measurement. The error values
of 20, 30 years may be obtained on special request. A typical value is +40 years.
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Fig. 3a,b. Two examples of the dating results in its full, graphical form. The raw measurement
result, the so-called “radiocarbon age”, is given in the upper part of the graph; it is 500130 yr BP,
and 300£30 yr BP respectively. This result, illustrated by the Gaussian curve on the vertical axis,
is transformed by a calibration curve to form a complex curve placed on the axis of historical age,
which is the final result of dating. The age ranges are also given with the respective probabilities
(confidence levels) including the actual (unknown) age. For example, the entry “1610 (26.0%)
1654calAD” means that the 0.26 probability (confidence level) of the actual age of the sample lies
within the range of 1610 to 1654 years. Graphs created with the OxCal4 program.
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4. The usefulness of '“C dating to verify archeological theses

Bearing in mind the size of the measurement uncertainty, whose value is placed
on the above graphs on the vertical axis, and is usually #40 years, and taking
account of the measurement uncertainty of the calibration curve (on the charts
it is a stripe, not an “exact” line), we can now proceed to formulate the answer
whether the radiocarbon method can be applied to solve a given specific issue.
For example, can it give an answer to the question whether a piece of wood inter-
esting to us arose (i.e. a tree grew) in 1500 AD or rather much later?

As it is easily seen from the graph in fig. 2, for the following dates: 1500AD—
1520AD, 1595AD-1602AD, 1610AD-1615AD, the radiocarbon age (radiocar-
bon determination) should be 350 BP. Consequently, radiocarbon dating cannot
distinguish between each timber (bones, etc.) sample from these periods, because
they have approximately the same concentration of '*C.

At this point we need to draw attention to the possibility of application of
a certain, specific approach to the radiocarbon dating of a combination of a few
samples. It is called wiggle matching, i.e. fitting a group of dates to the bends of the
calibration curve (Walanus, Goslar 2009). This is a procedure which gives a very
precise date even in the range of the so-called radiocarbon plateau (flat sections
of the calibration curve). However, this method requires samples “combined” in
time. In practice, this applies almost exclusively to wood samples in which we
can count annual growth rings. If we have a beam composed of 50 growth rings,
it may appear that it is insufficient to date the tree using the dendrochronological
method, but may be sufficient to use wiggle matching. A couple of dates obtained
from the extreme growth rings of the beam must match the bends of the calibra-
tion curve, which in a favourable situation can seriously reduce the uncertainty of
measurement. To summarize, the graph in fig. 2 can be used as follows: if for two
historical dates (AD, horizontal axis) the values read from the calibration curve
on the vertical axis (BP) are similar, the radiocarbon method will not be able to
determine which of the two dates is true for a given sample; if, instead, for two
putative AD dates we obtain quite different values of BP, it is worth investing in
the dating. An example of the latter case may be the question whether the given
sample comes from the lifetime of Copernicus, or is later than 1650 AD.

The issue considered concerns the comparison of two historical dates (in
terms of radiocarbon). Hence, a graph in which historical dates (AD) are on both
axes should be of use. This graph is proposed on fig. 4, and it is read as follows:
If the point specified by two hypothetical historical dates (the age of the “real”
object and the age of the supposed forgery) is white, a measurement of *C will
not distinguish between these two radiocarbon dates (since samples have the
same amount of *C), whereas the dark colour indicates that such a measurement
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Fig. 4. The array of p-values (=significance levels) expected when two samples of a given, expected

true age are compared. The white area around the diagonal indicates indistinguishable ages. The

darkest area indicates the pair of dates that certainly would give different results in the measurement

of “C. Intermediate gray is for a=0.01; 0.05 and 0.001. The assumed radiocarbon determination
error is 6=30 yr.

will be successful with a high probability. The intermediate shades of gray are
defined by the respective degrees of the expected certainty. Three boundaries
between different shades of gray correspond to the three levels of significance:
o= 0.1, 0.05, 0.001, of which the last (smallest) one corresponds to the darkest
colour. (The degree of certainty or the confidence level is associated with the
level of significance in such a manner that the sum of their values is equal to 1).

Another issue is the dating of samples that can be called contemporary, i.e.
younger than 1950 AD. Due to the nuclear weapons tests conducted after this
year, the level of "C in the atmosphere doubled. In consequence, the dating of
samples from that time leaves no doubt as to their age. This is the so-called bomb
effect (cf., e.g., Walanus, Goslar 2009).
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As far as the possibility of using the radiocarbon method is concerned, we
have to mention the type and the quantity of the material suitable for the dating.
As C is a carbon isotope, the sample must include this element in sufficient
amount. For this and other reasons, the pieces of wood are the most useful. Before
asking a question about the necessary weight of the sample, we should note that
there are two completely different methods of measuring *C in parallel use: the
older Scintillation Method and the new method of AMS, i.e. Accelerator Mass
Spectrometry. They have different measuring sensitivities. The former requires
grams of carbon, the latter — milligrams. This is the principal difference between
them. Fortunately, the price of accelerator dating is not a thousand times higher.
It is obvious that it is much easier to acquire a small sample for measurement.
Therefore, only after AMS had been more widely used, was the Shroud of Turin
dated (cf. Damon et al. 1989). In Poland, Poznan Radiocarbon Laboratory, which
uses the method of accelerator mass spectrometry, recommends the following
masses of samples: charcoal: 2—5 mg, peat: 5-10 mg, wood: 5-10 mg, shells:
20-50 mg, speleothems and other carbonate formations: 20—50 mg, bones: 1-5 g
(see Poznanskie Laboratorium Radioweglowe 2010). In contrast, Absolute Dat-
ing Laboratory in Skata (Poland), which uses the scintillation method, recom-
mends larger samples: wood: 10-50 g, a minimum of 2-5 g; charcoal: 5-30 g,
a minimum of 1-3 g; peat: 50-100 g, a minimum of 2 g; bone: 200-300 g, a mini-
mum of 30 g (see Laboratorium Datowan Bezwzglednych w Skale 2010).

The final remark regarding the moment in time that is the result of the dating
with the radiocarbon method. The date indicates the time when the plant tissue
collected “fresh” carbon from the atmosphere (CO,). A further circulation of the
carbon (eaten by the animals in the form of grass, etc.) takes place almost instan-
taneously. However, for example collagen in the bones circulates quite slowly,
which may have some significance for dating. The most unfavourable situation
regards aquatic plants: radiocarbon dating of such samples should be avoided as
they consume carbon from water, which at least partly is of mineral origin, and as
far as '*C is concerned, it is very old and no longer contains the isotope. Wood is
a very good material for dating, but we must remember that 1) in the construction
under study, a very old (already then) piece of wood could have been used, and 2)
even in the case of a freshly cut tree trunk, one could deal with its middle part,
which, when it was cut, could already be one hundred years or more.

With regard to the grave of Nicolaus Copernicus, it also seems appropriate to
elaborate on the issue of dating bones. In this case, we measure the age of collagen
extracted from the bones. Collagen is a relatively stable substance which does not
exchange carbon with its surroundings when the bone is buried in the ground.

However a laboratory preparation of bone is difficult and time-consuming.
Very well-preserved not very old bones contain at least 20% of the initial amount
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of collagen, that is more than 40 mg of collagen per 1 g of bone. If the body was
subjected to cremation or were burnt for other reasons, the bones contained no
collagen and cannot be prepared with a standard technique. However, very often,
a structural carbonate is retained in bones. This carbonate, deposited in the bone
tissue throughout the life of the organism, contains the information about the true
4C age (Walanus, Goslar 2009).

5. Conclusions

It seems that the radiocarbon dating of organic samples from the graves at the
altar of St. Cross of the Archcathedral Basilica in Frombork may be an additional
test of the relevance of the thesis about the discovery of the grave of Coper-
nicus. The postulate for such additional tests was already reported (Kokowski
2008, 2009, 2010), as was also the suggestion that the team of Professor Jerzy
Gassowski determined precisely the methods of archaeological dating applied by
them (Kokowski 2005b/2007).

The use of radiocarbon measurement method for the analysis of the remains
attributed to Copernicus is relatively simple, since the remains are located in
a secured coffin. In this context, however, we should emphasize that in the meas-
urements of this type it is necessary to maintain great meticulousness in order to
avoid being accused of failure to comply with elementary principles of perform-
ing this type of measurements.?

In addition, in order to increase the value of the accumulated empirical evi-
dence, one should also test, using this measuring method, other archaeological ob-
jects discovered at the altar of St. Cross. It would, however, be much more organi-
zationally difficult, since it would require a repetition of the archaeological work,
because — as far as we know — these objects were placed in their original locations
in the vicinity of the altar.
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