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Introduction

"Everything which has come down to us from heathendom is wrapped in a thick fog; it belongs to a space of time we cannot measure. We know that it is older than Christendom, but whether by a couple of years or a couple of centuries, or even by more than a millennium, we can do no more than guess."

Rasmus Nyerup, Danish archaeologist (1759-1829)

Nyerup's words remind us of the tremendous scientific advances which have taken place in the 20th century, because in his time archaeologists and art historians could date the past only by relative dating methods or using limited recorded histories which were in Europe based mainly on the Egyptian calendar. 
Relative dating methods assign speculative dates to artefacts based upon many factors such as location, type, similarity, geology and association. Types of relative dating techniques include stratigraphy, seriation, typological sequences, pollen analysis, linguistic dating, ice core sampling, and climate chronology. Archaeologists used pottery and other materials in sites to date them “relatively”. It was believed that sites which had the same kinds of pots and tools would be of the same age. The relative dating method worked very well, but only in sites which had a connection to the relative scale, so most objects could not be dated. Dating in those times was possible also from historical documents which used chronologies and calendars that people in ancient times had themselves established. A well-established historical chronology in an area was then used to date events in other regions by studying links between neighbouring countries. However, historical records for the majority of sites or objects of interest do not exist or were devastated. 

Significant changes occurred by development of absolute dating techniques since the World War II. When the first absolute dating method was developed, and it was the radiocarbon method, the archaeologist Colin Renfrew (1973) called it “the radiocarbon revolution” in describing its great impact upon the human sciences [
]. Besides techniques based on so called “radioactive clocks” development of natural sciences introduced also dating methods based on chemical processes, magnetic properties and archaeoastronomy. Various dating methods available today have some advantages and some disadvantages which depend on the material and on time interval to be dated (Table 1).

Because of limited space this work outlines only three of the most important methods currently used for dating buildings or, in a complex situation, the order of construction within the building. These are the dendrochronology (or the “tree-ring”' dating), the radiocarbon dating and the thermoluminescence dating. Each method has a distinct role in the investigation of historic buildings. None is infallible and before embarking on an extensive dating survey, due thought must be given to what might be achieved and which method might be more successful.
	Dating method
	Principle
	Material
	Age span

	Potassium-argon (K-Ar) 
	Radioactive decay of potassium to argon
	Volcanic rocks
	100 000 – 4 billions

	Fission tracks
	Density of uranium fission tracks in crystal structure of uranium bearing minerals
	Apatite, titanite and zircon
	300 000 – 2.5 billions

	Electron-spin resonance (ESR) 
	Magnetic resonance of captured electrons 
	Teeth
	up to 1 000 000 

	Uranium series (U-Th) 
	Ratio of U and Th isotopes during radioactive decay 
	Calcium carbonate
	50 000 – 500 000 

	Obsidian hydratation
	Absorption of water 
	Obsidian 
	up to 120 000 

	Amino-acid racemisation 
	Conversion of optically active isomers 
	Bones
	up to 100 000 

	Optical dating (OSL) 
	Optically stimulated luminescence 
	Mineral, eolic deposits
	up to 50 000

	Thermoluminescence dating (TLD) 
	Energy absorbed in inorganic crystals and silicates
	Ceramics, flintstone 
	100 000 – 300 000 

	Radiocarbon dating (14C) 
	Radioactive decay of 14C
	Organic material, carbonates
	100 – 60 000

	Dendrochronology
	Counting of tree-rings
	Wood
	up to 10 000

	Archaeomagnetism (TRM) 
	Change in direction and strength of magnetic field 
	Baked clay
	2000 - 4000 


Table 1: Most important absolute dating methods.
Dendrochronology
Dendrochronology was discovered in 1911 by Andrew E. Douglass from the University of Arizona, who wanted to know by studying tree-rings whether the number of sunspots affected weather on Earth. The method relies upon the response of trees to the weather conditions during the growing season. In a 'good' growing season the trees within a large climatically homogeneous region respond by putting on a wide growth ring within the cambium which separates the sapwood from the bark. In a 'poor' growing season a narrow growth ring is formed. Further, it has been shown that the yearly growth of the tree depends on global climatic conditions in the Northern and Southern Hemisphere for each year and that the ratio of the widths of tree-rings for particular years is the same for the whole population of a wood species. Year by year the trees throughout the region produce a similar pattern of wide and narrow rings in response to the weather changes. It is this pattern that allows the accurate dating. The pattern of ring widths taken from a building is matched by using a computer with a “master chronology”, often several centuries long for the particular area. This regional chronology will have been painstakingly built up from many thousands of measurements and by cross-matching many overlapping patterns of timbers. The youngest patterns are obtained from living trees, where the date of the final ring is known. Progressively older patterns are obtained from trees in recent buildings, older buildings, archaeological sites and ancient bog oaks (Fig.1). Because of local, non-climatic causes in changes of tree-rings width, the chronologies vary somewhat, and the best dating match is always obtained by using a regional master chronology.
The dendro-date is thus the year in which the final ring of the specimen grew. This is the year in which the tree was felled, but not necessarily the year in which the building was constructed. It should be taken into consideration also that  the respective piece of wood could have been used as a building material after the felling of the tree. In order to obtain an accurate match and hence a date, it is important to have at least 80 rings on the specimen that is to be dated.
Although this method is capable of dating to the individual year, in practice several factors reduce the precision in dating the construction, sometimes drastically, and it is important to be aware of the limitations. The number of sapwood rings may vary between 15 and 50 years, depending on the position in and the age of the tree. Thus the year of the last ring dated could be misleading to the construction date and be underestimated by an unknown number, possibly 60 years [
]. 
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Fig. 1:
Creation of tree-rings chronology by matching tree-ring patterns.
Radiocarbon dating

Principle of the method

The most important absolute dating methods are based on the widespread and regular feature in the nature – radioactive decay. All radioisotopes have their characteristic and invariable decay rate. The time needed for half of the atoms of a radioactive isotope to decay is called the half-life which does not depend on any outer physical, chemical or biological influence. In other words, after one half-life, there will be half of the atoms left, after two half-lifes one quarter of the original quantity of isotope remains, and so on. Half-lifes can vary from several nanoseconds, up to billions of years, depending on the radionuclide. 
The radiocarbon method is the most useful dating method for archaeologists and art historians today. The method was developed by a team of scientists led by Willard F. Libby [
] of the University of Chicago in immediate post-WW2 years. They studied cosmic radiation, the sub-atomic particles that constantly bombarded the Earth, producing high-energy neutrons. These neutrons react with nitrogen atoms in the atmosphere to produce protons and isotopes of carbon 14C, or radiocarbon:

14N + n → p + 14C

14C is unstable, because it has eight neutrons in the nucleus (the most abundant stable isotope of carbon, 12C, has six and the other stable isotope 13C seven  neutrons), and decays to nitrogen with half-life of 5730 years:

14C → 14N + β- + 
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where - is the beta particle (electron) and 
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 antineutrino. Libby realized that the decay of radiocarbon at a constant rate should be balanced by its constant production through cosmic radiation and that therefore the proportion of 14C in the atmosphere should remain the same throughout time. Furthermore, this steady atmospheric concentration of 14C is passed on uniformly to biosphere because it is bond, together with other isotopes of carbon into carbon dioxide. Since plants take up CO2 during photosynthesis, and they are eaten by herbivorous animals which in turn are eaten by carnivores, the concentration in all living organisms remains the same as in atmosphere. Thus, the equilibrium between radioactive decay of 14C and its production rate has been established, and the natural 14C concentration (specific activity) in the Earth's atmosphere and biosphere is approximately constant, being 226 Bq/kg of carbon. Only when a plant or animal dies the uptake of 14C ceases and the steady concentration of 14C begins to decline according to the law of radioactive decay:

A  = A0 · e-λt
(1)
where A0 is the initial radiocarbon concentration and A is the concentration after the time t elapsed since the death of organism.  is radioactive constant defined as ln2/T½, where T½ is 14C half-life. Thus, knowing the decay rate or half-life of 14C, its initial concentration (concentration in the atmosphere or living organisms) and remaining concentration in the sample (Fig.2), it is possible to calculate the the time elapsed since the death of a plant or animal tissue as:

t  =  1/λ · ln( A0/A)  =  8033 · ln( A0/A) 
(2)

Radiocarbon measurement of a sample of unknown age should be always compared with standards of known activity. According to the internationally adopted convention the 14C age is expressed in years “before present” (years BP), where the initial year is 1950, i.e. AD 1950 = 0 BP.
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Fig.2:
Calculating of age by radiocarbon decay. Usually the specific activity of 14C of 226 Bq/kg carbon is denoted as 100 pMC (percent of modern carbon) [
].
Although decay rate of 14C is constant, the decay process is random (statistical), i.e. individual repeating of measurement of the activity of a sample will give a distribution around the “true” value. Therefore the result of age measurement is expressed as the mean value followed by the measurement error which for a 1 standard deviation corresponds to the probability of 68% that the resulting age will be between the upper and lower error value. The error depends generally on the measurement technique, measurement duration and quantity of the material.
2. Applicability and limitations of the 14C method
Three main factors should be fulfilled for the applicability of radiocarbon method: constant flux of cosmic rays and constant production of 14C over last 60 000 years, uniform distribution of 14C in the biosphere, and absence of chemical or isotopic exchange of carbon from the sample with carbon in the surrounding. In addition, samples containing 14C from two different sources require correction for the “reservoir age”. Anthropogenic activities during the last century made dating of recent samples very difficult.
1. Variations in 14C production and dendrochronological calibration

Already in the first decade of the application of radiocarbon measurement it was observed that the production of 14C in the atmosphere has not been constant during the millennia, varying in several percents. Therefore it was necessary to calibrate 14C years by using an independent dating method which will link the obtained radiocarbon ages with the calendar ages. The adequate way to calibrate 14C ages is dendrochronology. By comparison of 14C age of a particular tree-ring and its dendrochronologically obtained calendar age the variations in natural production of 14C in the atmosphere were determined and at the same time calibration curves, converting radiocarbon ages into dendrochronologically obtained calendar ages, were obtained. Since calibration curve shows many wiggles, depending on the variation of cosmic-rays flux in the past, a certain 14C age can give often several calendar intervals. Therefore each calendar interval is given by a certain probability. Fig.3 illustrates the calibration process,
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Fig. 3:
Calibration of 14C years obtained by the program OxCal, developed at the Oxford University [
]. Radiocarbon age in years before present (years BP) are presented on the ordinate in the form of the Gaussian distribution determined by the measured error. By using calibration curve the intervals of ages in calendar years (Cal BC or Cal AD) for 1 and 2 are presented on the abscise. 

2. Distribution of 14C and isotopic fractionation

Distribution of 14C in the biosphere is not the same in different materials because of so called fractionation occurring during various biochemical processes. Photosynthesis for instance, favours the lighter isotope over the heavier one, so after this process, the ratio of heavier isotopes of carbon (13C and 14C) towards the lighter isotope 12C in the product is depleted in comparison to its ratio in the atmosphere. If the isotopic fractionation occurs in natural processes, correction of fractionation effect of 14C to 12C can be made by measuring the ratio of stable isotopes of carbon (13C/12C) in the sample being dated.  Namely, isotopic fractionation of the 14C/12C ratio is twice as much as that of 13C/12C. The stable isotopic composition of the sample is expressed as 13C which represents the relative difference (expressed in per mills) between the 13C content in a sample and the content in the international standard:
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where R=13C/12C. The 13C/12C ratio is measured using an stable isotope mass spectrometer. The 14C ages are corrected for the fractionation effect by normalization to the same 13C value. 

The 13C value of a sample can yield also important information regarding the environment from which the sample comes, because the isotope value of the sample reflects the isotopic composition of the immediate environment. Fractionation also describes variations in the isotopic ratios of carbon brought about by non-natural causes. For example, samples may be fractionated during preparation process through a variety of means, usually by incomplete conversion of the sample from one stage to another, which can be avoided by carefully quality assurance control in the laboratory. 
3. Sample contamination

Sample materials deposited in archaeological or geological contexts seldom remain in pristine condition. Possible radiocarbon sample contamination could result in inaccurate dates. Some contaminants can result in dates that are too old, e.g. presence of carbonates dissolved from rocks or exhibition of samples to fossil fuels. Dates that are too young can result if a sample is affected to mold, rotting or microorganisms, or impregnated by contemporaneous contaminants in the laboratory. Some materials are more resistant to outer contaminants than the others: wood and charcoal are the most accurate for dating and shells the least.
The most common method of treating organic samples in order to avoid contamination by both carbonates and organics is the acid-base-acid method. After being physically pre-treated and reduced in size samples are subsequently immersed in diluted and boiled HCl and NaOH. In case of bones collagen should be extracted, because this is the most stable constituent of this material. 
4. Reservoir effect

Radiocarbon age calculations are based upon the assumption that the initial activity of the material to be dated is 100% of modern CO2 activity (100 pMC), which is generally good for materials of organic origin (wood, peat, bone, etc.). Radiocarbon samples which obtain their carbon from different sources (or reservoirs) than atmospheric carbon may yield what is termed “apparent ages”. To obtain true ages correction should be applied. The difference between the apparent and the true age is called the reservoir effect, and can be expressed as (i) the reservoir age, (ii) initial activity, or (iii) fraction of dead carbon.
For instance, shells living in lakes or sea yield excessively older radiocarbon dates because the limestone, which is weathered and dissolved into bicarbonate, has no radioactive carbon. Thus, it dilutes the activity of the lake or sea making the initial activity 14C activity depleted in comparison to that in the atmosphere. The same effect occurs in secondary carbonates (speleothems, tufa, lake sediments...) because they are diluted with the 14C-free carbon from leached carbonate rocks. 

5. Man-made contamination

Besides smaller variations in 14C production in the past, recent human activities disturbed totally the equilibrium of radiocarbon concentration established during the millennia. This resulted in two opposite effects: decreasing of 14C/12C ratio due to increased fossil fuel combustion since the end of the 19th century, and extensive release of radioactive isotope 14C in nuclear and thermonuclear tests in the atmosphere after the WW2. Both these processes made impossible radiocarbon dating of samples less than 100 to 150 years old. However, one can undoubtedly distinguish samples lived in the second half of the 20th century, the fact which can be successfully used in forensic or juridical evidences.
3. Sample materials
Samples suitable for radiocarbon dating are those containing organic carbon: wood, charcoal, peat, organic mud and soil, bones, skin, hair, horns, grain, fruit, vegetable, grass or similar. It is possible also to date carbonates containing carbon as a part of natural cycle: shells, speleothems (stalactites and stalagmites), tufa, lake sediment and dissolved carbonates in water. Samples from a building for radiocarbon dating should be taken with care taking into consideration their provenance. For timber specimens, samples should be obtained as near to the bark as possible, as for dendrochronology. Samples such as leather, cloth, food residues or straw represent a year's growth and so a point in time.
There are several basic rules to be followed during sampling of material. The most important is that the sample should represent the object which should be dated. For example, if somebody would like to date a building, he must take samples from those parts which are considered to be built at the same time when the monument was built and not afterwards. Always should be taken into consideration that the measurement result concerns the age of the sample itself (e.g. trunk from a construction) and the age when a monument or an object was constructed is “terminus post quem”.
Sampling should be performed by clean tools. Samples should be dried if are wet and should not be treated by any preserving substance, because it can affect the result.
4. Measurement techniques

Three basic methods for measurement of 14C in various materials are used today: gas proportional counter (GPC), liquid scintillation counter (LSC) and accelerator mass spectrometry (AMS) (Figs.4, 5 and 6). Since the ratio of 14C isotope to the most abundant 12C isotope ranges from 1:1012 to 1:1014, depending on the age of the sample, all these techniques are very sensitive. Their common characteristic is that they are destructive, i.e. the sample to be dated must be destructed and prepared in the form suitable for measurement. Both GPC and LSC are conventional or radiometric techniques which rely on detection of the weak particles released when nuclei decay, while AMS is a direct ion counting technique.

GPC detects ionising radiation within a gas sample, using electrodes located in a shielded counter. The majority of laboratories utilise CO2, CH4 or acetylene of high purity. The advantage of GPC systems is their flexibility in terms of gas quantities, from 10 mL to 7 L, since the precision of the results depends always on sample quantity. The LSC method involves conversion of sample carbon to a suitable counting solvent, usually benzene (C6H6) because of its high proportion of carbon atoms and excellent light transmission qualities. The measurement of -activity within the sample is made by addition of an organic compound, called scintillator, which traps emitted -particles and subsequently produces photons detected in a photomultiplicator. Most LS spectrometers are commercially available. The necessary quantity of samples to be dated by conventional methods ranges from 5 to 50 g, depending on type and size of detector. The maximum age to be dated is about 55 000 years BP.
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Fig. 4: GPC without shield at the Ruđer Bošković Institute, Zagreb, Croatia.
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Fig. 5: LSC Quantulus 1220 at the 
Ruđer Bošković Institute, Zagreb, Croatia.


AMS can date samples as little as 1-2 milligrams and under special circumstances samples of even lower quantities (50-100 g). Accelerators operate on the principle that when a stream of atomic particles is deflected from a straight trajectory, those of lower mass will be deflected from their path to a larger extent than those having higher mass. AMS involves an ion accelerator and powerful magnets, which effectively select and then separate isotopes 14C and 12C (or 13C) according to their atomic mass, and measures their ratio. When used for dating, this method involves actually counting individual 14C atoms present in the material and not their decay frequency. Therefore the AMS method allows dating samples of much smaller size, which is the crucial advantage of this method comparing to the radiometric techniques. This enhanced scientific possibilities of dating, especially in measurement of artistic objects like paintings (canvas), pieces of cloth, books (paper and papyrus), musical instruments, wooden statues etc. The maximum age to be dated by this method is about 60 000 years. Although at the beginning considerably more expensive than the radiometric methods, this disadvantage has been recently vanished by developing of new, smaller-sized AMS facilities, and therefore AMS has ushered in another revolution in archaeological dating applications [
].
[image: image9.jpg]



Fig.6: AMS at the Rafter Radiocarbon Laboratory, Lower Hutt, New Zealand
(photo taken by B.Obelić)
Thermoluminescence dating

Introduction

Thermoluminescence dating is based on radiation damage effects caused by interaction of non-conducting solids with -, -, - and cosmic radiation. Crystalline inclusions contained in ceramics act as thermoluminescence (TL) dosimeters, the irradiation source being the natural radiation environment. Because of this, various ceramic materials (pottery, bricks, cooked clays, bronze clay-cores) can be dated, which is the most abundant inorganic material on archaeological sites of the last 10 000 years. The possibility of dating ceramic objects by the use of TL properties was first proposed in 1960 and then extensively studied by the group at the Oxford University headed by Martin Aitken [
]. Dating by TL is a particular application of TL dosimetry in which there is a source of constant irradiation, the natural radioactivity of ceramics, the activity of which can be independently determined. The main fields of application of TL dating are in the study of architectural history, through analysis of bricks, and in archaeology. However, the precision of this method is, in general, poorer than that of the radiocarbon method.

Principle of the method

The thermoluminescence is a process of induced emission of light by thermal energy from the materials which were previously irradiated. The ceramics and the ground contain parts by the million (ppm) terrestrial radioactive elements (mainly the products of the uranium and thorium series and 40K) which produce continued irradiation that consists of a stabilized electron flow which ionizes atoms of the crystalline network and induces the expulsion of electrons of the periphery of atoms causing the excitation of electrons from their normal state from so called valence band to the conduction band (Fig. 7). Most of the expelled electrons return to their previous state emitting visible-light photons of energy E=h. For that reason this emission is called luminescence.

Real crystals contain always structural defects (inclusions, mainly quartz and feldspar, embedded in a ceramic matrix) which can lead to appearance of local energy levels in so called forbidden band (Fig.7). Some of expelled electrons are trapped in these defects or imperfections in mineral. If the traps are energetically deep enough, the trapped electrons will remain there until they acquire sufficient energy (activation energy) to be released. This can be thermal energy when material is heated and released electrons again move through conduction band and on return to the valence band they can recombine with holes in luminescence centres L. This recombination is accompanied by emission of electromagnetic radiation, usually in visible or UV range. This effect is called thermoluminescence and can serve as a measure of the dose accumulated in the material, as the number of trapped electron is proportional to the radiation dose. 

It is necessary that any previously acquired TL is removed by “zeroing” of the TL signal, generally provided by kiln-firing during the production of the ceramic itself, or by exposure to sunlight in case of sediment dating because the high temperature erases the previous TL signal by emptying all of the electronic traps. After burial the population of trapped electrons begins to build up again at a rate dependent upon the radiation flux delivered by long-lived isotopes of uranium, thorium and potassium. The total dose obtained is proportional to time elapsed since the last “zeroing” of TL signal (Fig. 8). This absorbed energy can be released again when the ceramic objects are subjected to the process of subsequent heating over 500°C in the laboratory. During the process of heating the emitted light is the measure of time elapsed since the mineral was previously subjected to heating.
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Fig.7:
Energy bands and transitions leading to thermoluminescence (after [
]).
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Fig.8:
Dependence of TL signal on time elapsed since production of ceramics.


The TL age can be obtained by a simple equation:
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where D is the total absorbed dose measured in grays, commonly known as the equivalent dose or paleodose, and I is the dose-rate (annual dose) consisting of  and  components from the presence of clay in the matrix,  component from material in soil where sample was buried and the cosmic-ray component.
2. Measurement

1. Measurement of paleodose

In principle the equipment for thermoluminescence measurement consists of two fundamental parts: a calibrated thermal source and a detector. A small amount of pulverized sample is introduced in the heating system. The temperature is increased gradually and the values of the intensity of the emitted light are registered in order to obtain the glow curve 1. Finished the process and cooled the sample to room temperature, the process is repeated again to establish the background curve 2, which should be subtracted from the curve 1 (Fig.9). Strictly speaking, the total TL emission is measured by the area between the glow curve and the background curve. In practice, the peak height is also a good measure and is easier to determine, provided that heating rate is sufficiently well controlled.
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Fig.9: Additive radiation technique for estimating the accumulated paleodose D. De is the equivalent dose and Dc the supralinearity correction.

Since the TL curve is not linear in lower energy range it should be corrected by so called additive method. The sample is subjected under the irradiation of a well-known artificial dose that is added gradually in order to obtain the first glow curve (Fig.9). The second glow curve is obtained after “zeroing” of TL signal and subsequent addition of artificial doses. The difference of linear extrapolation to the abscissa of both curves corresponds to the paleodose D [
]. 
2. Dose rate determination

Contributions to the dose rate in pottery of bricks are mostly due to radiation of natural radionuclides in the fabric itself and in its surroundings (e.g. soil in which the artefact was buried). The main sources of radiation fields are nuclides from uranium and thorium decay series, 40K and small contribution form cosmic radiation. Main contributions to the annual dose are  rays from the pottery matrix (internal dose) and from the burial soil (environmental dose). Internal dose typically makes a very minor contribution to the total radiation dose.

Internal dose can be determined from an examination of the sample alone in the laboratory by measurement of a small amount (about 1.5 g) of sample material mixed with very sensitive TL dosimetry phosphor (substance that exhibits the phenomenon of phosphorescence) for a few weeks. The  component of the dose rate is measured by TL dosimetry in situ. The same types of very sensitive phosphors in special copper capsules are buried at the sampling location [
]. Irradiation time can be one year or more in order to obtain an accurately measurable TL signal averaging the influence of the seasonal climatic variations. Another, much quicker option is the use of portable -spectrometer for in situ measurement.
3. Measurement techniques
Due to the short range of α and β particles the sample material must be converted into small grain powder (range size ~4-8 μm). The mineral grains (high TL) are separated from the clay powder by chemical techniques to increase the light emission efficiency.
Generally, the ceramics consists mineralogically of a mixture of fine grain clay matrix with heavier grains like quartz and feldspars. At the beginning of the thermoluminescence dating all the ceramics was used without separating different components. The greater grains of the paste, like quartz, were shielded to  rays because of their limited penetration, giving a result of too low age. Therefore thermoluminescence dating should be performed by different sizes and mineral fractions [8]. Two methods for the dating by thermoluminescence exist. In the first one, called inclusion method, quartz grains of diameter more than 100 m should be isolated from matrix and this diameter is greater than the range of  particles. The grains are then attacked by HF or HCl in order to eliminate the presence of  radiation from the surface. Other method, called fine grain method, uses only small grains (sample powder of 3-10 m grain size), regardless of their nature, taking into consideration also  component. 

3. Limitations and problems
The thermoluminescence method is today one of  the most spread methods for dating artefacts such as ceramics, bricks and natural materials such as sediments, dynes and meteorites. The age span which can be dated is between several decades to about 300 000 years, but it is used mostly for samples up to 100 000 years old. The TL result is a time span (usually quoted as TL date ± 1) within which the specific object was last fired. The accuracy of this method is, in general, lower than most other radiometric dating methods. Although this time span can be reduced for various objects by successfully grouping historically connected parts and carrying out statistical context calculation, the time span offered by TL may not always be sufficiently small to answer a detailed historical question.

If the object underwent a subsequent fire, TL may date this fire and not the manufacture of the object. In architectural dating a further problem is that the historically relevant date for a building is not the manufacture of the brick. Therefore it should be considered the customary, or if possible, time frame between the manufacture of the brick and its use in that particular region and in that historic period and the possibility of reusing of bricks from an older building.

Equation (4) represents, unfortunately, only an approximation of the real situation because it presumes that the dose-response curve is linear in the whole range of measured ages and that all once trapped electrons remain captured in TL centres up to the moment the sample is heated in the laboratory. None of these assumptions are totally fulfilled, so more complicated response curves need to be considered. 

There are also several additional problems in TL dating. Pottery buried below ground level is typically wet. Water uptake has direct impact on annual dose since it acts as absorber material for the radiation, causing samples in water-filled environments to have fewer trapped electrons than those in dry environments. Therefore wet pottery has lower annual dose resulting in wrong age determination. Exposing of samples to light for a considerable time causes de-excitation of TL traps by photon interaction, so called partial bleaching. The consequence is that TL drops, suggesting a lower paleodose and age.

The additional problem in TL dating can arise if the objects, during their manufacture, were not cooked at high enough temperature for trap emptying, as for instance by sun heating or by placement over a fire. In these cases, the period of irradiation does not coincide with the age of the ceramics and the resulting TL age is incorrect.

4. The importance of TL method and new trends
The method is today routinely used in archaeology, art and architectural history for authentication of valuable ceramics, helping thus significantly in appraisals and valuations of these objects. In preservation of historic architecture it serves for fundamental decisions in the adaptation, revitalization, restoration and reconstruction of buildings.
Recently this method has been improved. The flash of light is released by scanning the sample with an energetic green laser beam and light-emitting diodes are used as detectors. This form of the method, known as “optically stimulated luminescence dating” (OSL), enables objects which are not more than a few hundred years old to be dated to within a few decades. Hence it is far more useful than the original TL technique in dating buildings. The requirement remains that the sample should have undergone some heating event to set the clock to zero. It also requires that a dosimeter be left undisturbed in situ at the site for some months in order to discover the annual dose permeating the samples. 
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