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Abstract

It has been nearly 50 years since thermoluminescence (TL) was first detected from
ancient pottery powder in 1960. Thermoluminescence dating has made considerable progress
and played a major role in archaeology and geology for the past 50 years. As a dating tool,
the thermoluminescence technique has achieved a great success in the authentication of
ancient ceramics, and no other scientific detection method can compare with it.

Thermoluminescence is a physical phenomenon. The principle is that when solid is
excited by ionization radiation, the accumulated radiation energy is stored in the crystal
lattice; once the crystal is heated, the stored radiation energy of a part is transferred
immediately into photoenergy and is emitted as a kind of phosphorescence, which is
thermoluminescence. Using this phenomoenon, we can determine the production date of
ceramics and tiles and can also determine when the geology material under consideration was
heated for the last time. This new technique, developed since the 1960’s, has been applied in
archaeology and geology dating area. This technique has had a strong impact on museum
collections stored in western countries. Some imitations of ancient pottery that had been
exhibited in well-known international museums have been discovered. The resulting
“Thermoluminescence Revolution” has solved puzzles about the authenticity of ancient
pottery collections and caused a huge stir among antique collectors.

TL is a function of the absorbed radiation dose. Hence, TL dating is mainly to measure
two parameters: the paleodose (P) and the annual dose (D). P is the accumulated natural
irradiation absorbed dose of the ceramic from manufacturing time to present day. D is the
irradiation absorbed dose by a ceramic in one year. The TL age is equal to the “paleodose”
divided by the “annual dose”. Although the principle of TL dating is quite simple, it is still
hard to obtain accurate values for the paleodose and annual dose. Many complex factors
affect these two parameters. Scientists have been working on these factors for decades.

Although TL dating of pottery began in the early 1960s, the first ten years was a period
of development. Articles published during that period mainly focused on the potential of this
new technique, and at the same time, some complicated cases that had not been considered
were reported. It was not until 1966 that thermoluminescence laboratories started to relate
their work to geology age and stratigraphy.

In the following decades, studies have concentrated on the application of TL to

archaeological dating. M J Aitken, S J Fleming and D W Zimmerman from the Research



Laboratory of Archaeology and the History of Art at Oxford University, Y Ichikawa from
Kyoto University, Mazess and Zimmerman from the University of Wisconsin, Ralph and
Han from the University of Pennsylvania and Mejdahl from the Risg National Laboratory of
Denmark et al did further and extensive work on measurement of accumulative natural
irradiation dose, annual dose for ancient pottery and on analyses of the complex factors
causing age error. Their work is the basis for thermoluminescence dating for ancient pottery.

About half of articles published worldwide are from these laboratories at that time. The
two standard methods suggested by them, the “fine-grain technique” and the “quartz
inclusion technique”, have been acknowledged in domain of thermoluminescence dating and
used widely for age determination in archaeology, especially for pottery dating.

However, a number of complicating factors and problems limit the precision and
accuracy in age determination. These include TL stability, anomalous fading of TL, the
superlinearity correction, optical fading, optically induced thermoluminescence,
nonradiatively-induced thermoluminescence, the influence of water content on annual dose,
radon escape, fluctuation of Th/U ratio, the chemical action of groundwater, relative o TL
efficiency, etc. These complicated factors are analyzed and discussed. Therefore, although
ceramic TL dating can in general solve the problem of authentication of ancient ceramics,
there are still complexities that require further research and study.

In this book, two standard methods, the “fine-grain technique” and the “quartz
inclusion technique”, and a new method, the “saturation exponential regression” in pre-dose
technique for TL dating of ancient pottery and porcelain were depicted, especially for the
measurement of the paleodose and the annual dose.

The pre-dose technique is a special method in TL dating; it is very useful for TL dating
of porcelain. Pre-dose technique as a new dating method was proposed by Fleming in 1973.
The energy-level model of the pre-dose effect for 110°C TL peak in quartz were suggested by
J Zimmerman and R Chen in 1971 and 1978. In the standard pre-dose method, it is assumed
that the changes in 110°C TL sensitivity with the dose is represented by a linear function. It
is generally believed that this assumption is correct only when the dose is within the range of
a few Gy. In fact, the nonlinear phenomenon has been studied since many years ago. As
early as 1978, Chen pointed out a saturating exponential form in the sensitivity change.

Later, Aitken, Chen ez al, 1 K Bailiff and P L. Leung et a/ further studied these problems of
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nonlinear response and exponential model in the sensitivity change.

The principle of pre-dose dating is based on two characteristics: thermal activation and
radiation quenching of the porcelain. If a porcelain sample is heated rapidly to a high
temperature, the 110°C TL sensitivity from the previous absorbed dose (i.e., the cumulative
dose resulting from natural radiation throughout the history of the specimen and that from
the laboratory calibrating dose) will rise rapidly to a maximum (saturation) value; this
phenomenon is called “the thermal activation characteristic”. In addition, after a sample
receives an irradiating dose, the 110°C TL sensitivity does not rise. On the contrary, it falls
to a level lower than that from the previous irradiation. This is called “the radiation
quenching characteristic”. Pre-dose dating is based simply on thermal activation and the
radiation quenching.

Based on these principles, two measurement methods, the “activation method” and the
“quenching method”, respectively, have been developed for evaluation of the porcelain
paleodose by Wang Weida ez al from Shanghai Museum. The paleodose values obtained are
the same for the ages in the range of 100 -~ 1 000 a BP for porcelains measured by these two
methods. But for dating at lower age limits (less than 100 a BP), the activation method is
more accurate; conversely, at higher age limits (greater than 1 000 a BP) the quenching
method is more accurate. In addition, two specific calculating methods are described for a
few porcelains having anomalous activation and quenching characteristics that make these two
methods invalid.

China has long been known throughout the world as the home of porcelain. The treasure
in the ancient Chinese porcelain is “worth several cities”’-invaluable, so the counterfeit runs
rampant. The authenticity of the ancient porcelain is a long-standing problem which puzzles
deeply the antique collectors. The “pre-dose saturation exponential technique” is much useful
in discrimination for the imitations of ancient Chinese porcelain. The authenticity problem of
the large ancient porcelain was solved by this method. In final chapter of this book, a few
ancient porcelains from the nation-wide collectors were dated by the “pre-dose saturation
exponential technique”, and the results of age determined and their photographs were shown
there. It was found that a large what is called “ancient porcelain”, actually, are all the
imitations of ancient Chinese porcelain. Maybe the collectors have interest for these results

of authenticity testing.
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