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STATISTICAL ANALYSIS OF RADIOCARBON DATES AS A TOOL
FOR RECONSTRUCTION OF THE ENVIRONMENTAL CHANGES

Danuta J. MICHCZYNSKA', Adam MICHCZYNSKI', Anna PAZDUR', Karol ROTNICKI

Abstract. Statistical analysis of large sets of '“C dates may be a source of information on global or regional environmental
changes. Since the nineteen seventies, an analysis of the frequency distribution on a time scale of '*C-dated samples has
been carried out for several selected geographic regions. This paper presents basics of the applied method and examples of
cumulative probability density functions constructed for '*C dates of peat from territory of Poland. It is emphasised that
preferential sampling plays an important role in such a type of analysis. The problem of absolute age determination has

been discussed, too.
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INTRODUCTION

During a few decades of radiocarbon dating development,
this method evolved into an independent scientific discipline.
The radiocarbon dating technique has become a standard tool
for the Quaternary geologists and archaeologists, as well as for
scientists involved in studies of environmental processes. For
example: at present, the chronostratigraphy of the middle and
upper Vistulian and Holocene is based on conventional "*C
dates. Environmental changes in the past, reconstructed from
pollen diagrams, are based on radiocarbon dating of peat-bog
profiles (Pazdur, 1992). Dating of carbonate sediments associ-
ated with d"°C and d"*O determinations is useful for recon-
struction of palacotemperatures (Pazdur et al., 1988, Pazdur et
al., 2002). Statistical analysis of large sets of '*C dates may be

a source of information on global or regional environmental
changes. In 1980, M. A. Geyh presented an article in which he
discussed possibility of reconstruction of Holocene sea level
history on the base of statistical evaluation of '*C dates by his-
tograms. Statistical evaluation of sets of '*C dates has also been
applied to studies of climate (cf. Geyh, Rohde, 1972; Gozdzik,
Pazdur, 1987).

Also applications of statistical analysis of radiocarbon
dates in archaeology is permanently improving (cf. Buck ez al.,
1992; Michczynski et al., in print). Bayesian methods allow to
use different types of information for analysis (e.g. stratigra-
phy, other dating methods), which should make the analysis
more precise (Bronk Ramsey, 1995).

PROBLEM OF ABSOLUTE AGE DETERMINATION

It has been known for many years that the '*C concentra-
tion varied in the past (de Vries, 1958). Variations in atmo-
spheric "*C content complicate conversion of the conven-
tional radiocarbon ages into calendar ages. In order to over-
come these difficulties, the concept of probabilistic calibra-
tion of radiocarbon dates and appropriate computer pro-

grammes have been introduced (cf. Pazdur, Michczynska,
1989; Michczynska et al., 1990; van der Plicht, 1993). It
should be emphasised that the differences between radiocar-
bon and calendar time scale could be a source of misleading
impressions on synchronisation of some events, on incorrect
estimation of sedimentation rates or on duration of episodes if
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Fig. 1. Certain geological event at real (ca-
lendar) time scale has uniform distribution
between 2 and 3 kyr BP. At the radiocarbon
scale we have received adistribution between
2070 and 2905 conv yr BP. It should be em-
phasised that at the radiocarbon scale the du-
ration of events can from that at the calendar
time scale
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radiocarbon ages were not calibrated. The correct interpreta-
tion of palacoenvironmental records requires calibrated ages.
Itis especially significant when comparisons between records
from different chronologies (e.g. radiocarbon and varve) are
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made (Bartlein et al., 1995). Simple simulation shows that
an event with uniform probability distribution at some periods
of the calendar time scale is not uniformly distributed at
the radiocarbon time scale (Fig. 1).

ANALYSIS OF THE FREQUENCY DISTRIBUTION SHAPE OF RADIOCARBON DATES

Since the nineteen seventies, analyses of the frequency dis-
tribution of the '*C-dated samples on a time scale have been
carried out for several selected geographic regions (e.g. Geyh,
Rohde, 1972; Gozdzik, Pazdur, 1987; Pazdur et al., 1995;
Michczynska et al., 1996). The radiocarbon dating method,
primarily used simply to determine age of dated sediment, be-
came an important source of information on the course of some
geologic processes in the past. An interpretation of the fre-
quency distributions is based on the two basic assumptions:

— the number of the '*C dated samples is proportional to
the amount of organic matter deposited in sediments in particu-
lar time periods;

— the amount of organic matter in sediments depends on
palaeogeographical conditions.

For statistical analysis, dates of peat from Poland were se-
lected. All these dates came from the Gliwice Radiocarbon
Laboratory. Peat is a typical organic material, commonly dated
with the use of the '*C method. The resulted radiocarbon ages
are reliable and do not require any corrections because of ,,hard
water effect” or isotopic fractionation (Pazdur, 1982). These
facts decided that this type of deposit was chosen for analysis.

The result of a single radiocarbon dating T +AT is described
by Gaussian probability distribution. For a set of N '*C dates,
cumulative probability distributions are created by superposi-
tion of the individual dates distributions. In our analysis, we as-

sume that fluctuations of such distributions magnitude result
from changes of the environmental condition. At the time of fa-
vourable environmental condition, accumulation of peat is
higher than at the time of unfavourable condition. In the analy-
sis we should take into account several other causes which can
hamper the interpretation of the probability distribution. De-
tailed discussions of this problem are presented elsewhere
(Geyh, 1980; Michczynska, 2003; Michczynska et al., in print;
Michczynska et al., in preparation).

In this paper, the authors would like to emphasise that criti-
cal selection of dates used for such analysis plays a key role.
Detailed analysis of probability distributions, constructed for
1C-dated peat samples from the territory of Poland, shows that
the preferential sampling influenced significantly the shape of
these distributions. The general rule of taking samples from
places where sedimentation changes are visible (e.g. from top
and bottom of the peat layer) resulted in high narrow peaks of
the probability distribution near the boundaries of Holocene
subdivisions (cf. Fig. 2). On the one hand, this fact hamper
analysis, but on the other, it is useful to establish the boundaries
of Holocene subdivision on the calendar scale. An example of
probability distribution of over 200 '*C dates from the Gard-
no—teba Coastal Plain and from the vicinity of the Gulf of
Gdansk, is presented in Figure 2a. It is clearly visible that this
distribution has quite different shape than the distribution of
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Fig. 2. Cumulative probability density functions 12 — 223
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the dates from the interior of Poland (Fig. 2b). This fact proba-
bly results from transgression, but precise interpretation is dif-
ficult because of the method used for the construction of this
distribution: all dates available at the Gliwice Radiocarbon
Laboratory Data Bank were used for calculations. Precise se-
lection of dates used for statistical analysis requires co-

Calendar age [kyr BP]

-operation of the scientists working in the radiocarbon labora-
tory and geologists. Only such an interdisciplinary co-
-operation ensures valuable results. Co-operation with profes-
sor S. Zurek allowed the interpretation of probability density
distributions for different regions of the interior of Poland
(Michcezynska et al., 2003).
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