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Abstract

In today's archaeological studies, the use of absolute chronology by radiocarbon or carbon 14 dating
is common and can even reduce errors due to incorrect stratigraphy and disturbed layers. The
measurement accuracy of this method is very high with proper sampling, and with the advancement
of science and technology, software programs were created to perform specialized and lengthy
calculations to convert and calibrated the results. One of these programs is OxCal, which seems to
be useful for researchers both online and offline. In this article, in addition to a brief explanation of
how to perform this sorting, we will teach you how to use this program for single data, phases,
subphases (adjacent phases) and ovetlapping phases in a very simple way without need for coding.
The basis of archaeological studies is to know and understand the sequence of events and activities
that are obtained from the archaeological findings. There are numerous dating methods in modern
archeology around the world that are constantly being updated. One of the most common and
popular chronological methods is radiocarbon dating analysis, which is better known as carbon 14

dating.
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Introduction

C14 is an unstable isotope (radioactive isotope) of Carbon. Plants and animals absorb C14 from
carbon dioxide throughout their lives. When they die, they stop exchanging carbon with the biosphere
and their C14 volume begins to decrease at the rate specified in the law of radioactive decay (with a
half-life of about 5,730 years). Radiocarbon dating is a method primarily designed to measure residual
radioactivity, meaning that by measuring the amount of C14 in the residues, we can estimate the time
of death by considering the half-life of the isotope.Radiocarbon measurements are conventionally
called radiocarbon dating (CRA) [1]. This measurement was initially performed by Beta counters[6],
which counted the number of betas radiated from decaying carbon atoms. The new method is called
accelerator mass spectrometry (AMS), which counts all C14 atoms in a sample (unlike the previous
method), so it can be used for smaller samples and also responds faster[7]. To determine the age of
a sample that is being tested by the Beta counting method, its ratio of activity to standard activity
must be determined. For this purpose, a sample whose activity is known to us will be measured and
compared with the original sample[6]. The results obtained from the AMS method are expressed in
the ratio of C12, C13 and C14 [7]. The results of both methods require modifications in the ratio of

C14 to C12.

The other importent poi is that Radiocarbon dating cannot directly determine the absolute
chronology for archaeological studies; Rather, it should be converted to an equivalent calendar age
using the homogeneity curve (to compensate for atmospheric fluctuations in carbon concentration
14) [11]. The parameters used for these corrections are taken from hundreds of radiocarbon dating

samples on tree rings whose exact age we know (Dendrochronology or tree-ring dating).[d ]

Nowadays, a variety of reliable programs has been offered by which we can perform complex
calculations and Bayesian analysis [15] in the shortest time, and increase the reliability of error

calculation, such as BCal[16], OxCal [17] and DateLab.[VA]

What is OxCal?

In 1995, the OxCal program was developed by Christopher Bronk Ramsey [16] under the C ++
programing language, using statistical methods and Bayesian theory, to calibrate datings with
calibration curves from tree-ring dating, and some Corrections needed to convert to calendar age,
such as the use of the IntCal [11]. this program is also a tool for post-excavation analysis. By having
stratigraphical information, it can provide archaeologists with the beginning and end of each phase,
transitional periods, sequences, etc. in the form of tables and graphs. If a mistake has been made in

stratigraphy, it will be determined in these analyzes.
To wuse this program online or download it for different operating systems, visit
https://cl4.arch.ox.ac.uk.

For toturial of using oxcal just follow the instructions step by step which show in figures 1 to 4 in
this article.

Using OxCal for dating results of the site of Varamin (Kerman province,iran)

For a practical example of this program, according to the explanations mentioned, we want to know
how to do calibration and analysis for the data of the site of Varamin( Jiroft area), which has been
excavated by one of the authors of this article [20]. The site has been stratigraphied by its excavators
and consists of two periods, and 12 samples from 8 different layers have been dated. According to
the stratigraphical information, we know that this area has been used continuously in the Late
Chalcolithic to the Early Bronze age, and we must witness the transitional period of Chalcolithic to
Bronze age of Jiroft in this area; Therefore, we used the analysis of adjacent phases on oxcal and
enter 2 in the Number of Phases section. The final diagram (Figure 8) shows that the Late Chalcolithic
period of this site was 3600-3300 BC and after a short transition period (ca.100 years), it resetteled in
the beging of the eatly Bronze age period, which lasted until 2700 BC. In addition, this diagram clearly

shows the correctness of the primary stratigraphy.
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Conclusion

Laboratory measurements on a sample indicate an age, which only indicates the age of the
radiocarbon sample, and due to the use of standards such as the Libyan standard in radiocarbon
testing, corrections are needed to convert the result into an accurate chronology and calendral age;
Therefore, using calibration curves based on known age samples (mainly tree-ring dating) and also
using statistical analysis, calendar age is obtained. On the other hand, in order to obtain the
homogeneity curve, remarks such as the hemispheres effect or the marine effect must also be
considered. To obtain the calibration curve and calculate the calendar age in the Northern
Hemisphere, a curve called IntCal is used, which was introduced to the world in 1998, and the latest
update of this curve is called IntCal 20. Software programs that were gradually introduced to the

world of science greatly shortened these long and complex calculations.

One of these programs is OxCal, which is a user-friendly program and has the ability to analyze data
and create sequences for phases. The program also could offer the user the beginning and the end of
each phase as well as the duration of the transition period with more data.

Examination of samples of the site of Varamin, using Oxcal program, shows that this site
wasresidential from about 3300-3600 BC and after a short transition period, had entered the early
Bronz age period and settled in it up to 2700 BC, Had continued. Therefore, in addition to extracting

an accurate chronological table for this site, the accuracy of primary stratigraphical information was
also checked and confirmed with this program.
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Table 1: Uncalibrated C14 dating of Varamin

Sample number 14C Age [yr BP] +
VAR17A-q0045 4218 27
VAR17A-q0041 4164 27
VAR17A-q0038 4427 24
VAR17A-q0037 4584 27
VAR17A-q0052 4558 24
VAR17A-q0054 4527 28
VAR17A-q0067 4532 28
VAR17A-q0070 4578 25
VAR17A-q0064 4618 26
VAR17A-q0079 4500 27
VAR17A-q0071 4754 26
VAR17A-q0078 4839 28
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Fig. 8: Calibrated C14 dating of Varamin
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