University of Durham
Luminescence Dating Service Facility
The Durham Luminescence Laboratory (DLL) was first established in 1983 and the laboratory has developed considerable experience in dating a wide range of archaeological and sedimentary materials from around the world. The laboratory has a long established international research profile; the scope of recent work includes both application to archaeological samples and fundamental investigation of luminescence of natural minerals. This research informs the methods applied in the service facility and our current interests include the dating of:
· Sedimentary deposits (from prehistoric sites, or in fluvial, glacio-fluvial, periglacial, aeolian contexts, etc.)
· Medieval buildings (brick, mortar) 

· Dating stone surfaces of monuments and masonry

· Earliest manufacture of pottery

Why luminescence?
Luminescence dating may be the preferred technique in a variety of situations, for example to date directly: 
● the deposition of sediments that were exposed to sunlight before burial; for example, Optically Stimulated Luminescence dating (OSL) can be applied to date artefact bearing layers in sedimentary sequences, geological features, fluvial terraces, etc.
● archaeological artefacts of interest, for example, thermoluminescence can be used for ceramic materials in the form of pottery, burnt flint; or bricks sampled from the walls of historic standing building.

● where there is a lack of suitable organic material for radiocarbon dating; and the presence of quartz and feldspars rich sediments.
● samples of age > 40 ka, beyond the limit of radiocarbon.
Considering luminescence
To obtain the optimum outcome in the case of excavated material, luminescence dating should be considered before or during an excavation. This provides the opportunity to advise on sample collection and to make on-site measurements. In dating either heated artefacts or sediments, it is important to take samples of the surrounding burial medium to achieve the best precision in the date.
Age range and uncertainty limits
Luminescence dating is applicable to samples of age in the range of 10 - 300,000+ years, the upper limit being dependent on the properties of the luminescent minerals and the composition of the sample and surrounding medium. The uncertainty in the age is calculated as a percentage of the age and is typically in the range of ± 4% to ±12% of the sample age (68% level of confidence) for single determinations.
Suitable materials
Materials which can be dated routinely using luminescence include:
· Quartz and feldspars rich material that have been exposed to light before burial (i.e. alluvium, colluvium, aeolian sediments, lake deposits, fluvial sediments, etc.)

· fired clays: pottery, brick and tile 
· burnt flint 

· baked clay 

· heated sediments 
Further Information & Contact
Eric Andrieux, Luminescence Dating Laboratory, Department of Archaeology, University of Durham, South Road, Durham DH1 3LE 
email: Eric.J.Andrieux@durham.ac.uk 
tel: +44 (0)191 334 1123/1124
Sampling Requirements - a summary
Sediment samples can be taken by inserting metal or opaque plastic tubes into a section (300 cm3 of sediment is needed, see fig.1 a.). Sample tubes should be taken near the centre of the infill / layer that requires dating, where the material surrounding the sample is homogeneous. For sedimentary sequences with thin layers and complex sedimentary history, please contact us for sampling advices.
Gamma rays, which are a component of dose rates, can travel up to 30 cm in distance. Heterogeneous layers or complex sequences can expose the sampling area to different sources of gamma emissions. In-situ measurements may be required to produce accurate dose rate estimates.

When sample tubes are removed from the section, ensure that the sample does not crumble and that the interior is not inadvertently exposed to light by wrapping the ends with tape until light-tight.
Monolith tins (Fig. 1, c). can also be used to sample sediments. Before using them, make sure that the section is cleaned and levelled before inserting the tin. They should be clearly labelled “top”, “bottom”, site ref., sample ref. and sampling date; the orientation and relationship should be marked when using more than one tin (Fig. 1, b.).
Immediately wrap the monolith tightly in an opaque black plastic bag and seal with adhesive tape. Suitable black plastic bags can be provided by the laboratory. 
Double wrap the samples to retain moisture content and store in a cool place. 
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Figure 1: Example of sampling equipment. a) opaque sample tubes; b, c) monolith tins.
Pottery samples submitted for luminescence dating should ideally have a minimum thickness of 8 mm and minimum area of ~4 x ~4 cm to ensure that there is sufficient material to work with; the outer 2 mm of the sample is removed before testing. It may be possible to work with smaller samples. 

Also take samples (~15 cm3) of the burial medium from each unit (including topsoil) within a 50 cm radius of the sherd submitted for dating. These samples do not need to be protected from light, but should be double bagged and sealed to retain moisture. 

The dose rate is affected by the presence of water, and we need to estimate the average burial water content of the ceramic samples and their burial environment. While an ‘as-dug’ condition for ceramics with the minimum of post-excavation treatment is preferred, it is appreciated that most ceramics will have been washed and recorded before being submitted for luminescence dating. 
Ceramic samples to be submitted for testing:

- 
do not need to be protected from light
- 
must not have been treated with any chemical nor exposed to temperatures above 100°C, artificial ultraviolet or infrared radiation or ionising radiation (including x-rays).

- 
should have been buried to a depth of 50 cm (in general, this does not include topsoil). For samples recovered at depths less than 50 cm below the surface, it is essential that the burial position with respect to the present ground surface and surrounding stratigraphic units to a distance of 50 cm is recorded carefully. 
Samples that have been curated can be tested, but there are limitations on the overall uncertainty associated with the luminescence age that can be achieved.
Brick samples are usually obtained during a site visit by the laboratory so that the best location(s) for sampling can be identified, to obtain the samples by drilling and to implant dosemeter capsules that measure the background dose rate at each sampled location. 
Samples are normally taken from intact wall locations that are uniform to about a meter from the proposed sampled brick.

Samples are normally obtained in the form of a core using a diamond faced core drill (max 50 mm diameter) - so far this has been found to be rapid and convenient. A core extending from the front to the rear face of the brick (as stretcher) is usually obtained. A cosmetic repair is achieved using appropriate filling materials (lime-based mortar) and finishing with a colour matched mortar layer or a cap cut from the core. 
It is advisable to sample from more than one brick per phase because the luminescence properties of quartz extracted from the brick may vary due to differing firing conditions. 
For most bricks from late medieval and early modern buildings it is possible to use a core drill designed for dry cutting. In the case of very hard brick fabrics it is necessary to employ lubricated cutting using a core drill designed for use with a water supply (see below).

If the drilling and back filling of a core hole is problematic, samples can be obtained by removing a section from the rear portion of whole bricks. The brick is extracted after removal of the surrounding mortar layer – this is a longer procedure but avoids cutting into the front face of the brick. 

On-site measurement of the local gamma dose rate is obtained by emplacement (usually 6 months; min. 2 months) of a dose measurement capsule adjacent to each sampled brick. The capsule is a silica tube approx. 10 mm diameter and 25 mm long is placed in a hole drilled in the adjacent mortar layer. The deployment of the capsules is essential to obtain optimum precision in the luminescence date. The gamma dose rate is also measured at the core location using a portable gamma ray spectrometer and this is used to provide back-up data concerning the radioactivity of the bricks. 
If the sampled location is not accessible for the required measurement period, a shorter dose rate assessment time may be possible depending on the nature of the brick. 
Other materials
For advice on sampling other materials and to test the suitability of your sample for luminescence dating, please contact the laboratory.
Principles of Luminescence Dating 

The luminescence method can be used to date quartz and feldspar rich sediments exposed to light prior burial, and a range of heated archaeological artefacts and deposits such as pottery, brick, flint and burnt clay. The luminescence chronometer mechanism employs the accumulation and storage of electric charge that has become trapped at special sites in crystals, and luminescence dating is consequently referred to as a trapped charge dating method (Duller, 2008).  
The electric charge becomes available for trapping by the passage of ionising radiation (such as alpha, beta or gamma rays) through crystals such as quartz and feldspar contained in dating samples. When any material is exposed to ionising radiation some of the energy is transferred to the material, causing the material to receive an absorbed dose. If luminescent crystals (such as quartz) are located within the material (e.g. sand, loess, ceramic, etc.) the absorbed dose can be quantified. Radiation causes ionisation of atoms or molecules in the material, creating ions and free electrons. These charged particles diffuse through the material until they become attracted and captured at other locations in the crystal called traps. Electrons are released from these traps in the laboratory either by heating the material (thermoluminescence, TL) or by the action of light (optically stimulated luminescence, OSL) causing the charge to move to other locations in the crystal, called recombination centres, where light is emitted as luminescence. The intensity of the luminescence is proportional to the total absorbed dose received since the crystal(s) were last subjected to a ‘zeroing event’ – by exposure to light in the case of sediments or by heating to high temperatures in the case of ceramics.  The firing of pottery, for example, empties all the traps and the accumulation of trapped charge resumes until the next heating (or light exposure) event that occurs in the laboratory. For pottery that has been buried since discard the luminescent grains within the body of pottery are shielded from light by the clay fabric. An equivalent process also occurs with a range of types of sediment and they can be dated to their last exposure to light (i.e., the process of deposition) providing they remain isolated from sunlight during burial.

The luminescent crystals within the sample medium are exposed to a constant radiation emitted during the decay of naturally occurring radioactive isotopes (radioisotopes) of uranium, thorium and potassium that are present in low concentrations in the surrounding matrix of sediments, soils or clays. Because the half-lives of these radioisotopes are extremely long (billions of years) the intensity of the radiation in the burial medium is essentially constant over archaeological timescales. The intensity of the radiation is measured in terms of ‘dose-rate’.

Between the zeroing event and excavation followed by testing, the luminescent crystals accumulate an absorbed dose (referred to as the palaeodose), the size of which depends on the length of time between the last exposure to light or heating and the luminescence measurements. The palaeodose is determined in the laboratory by measuring the luminescence from crystals extracted from the dating sample and comparing it with the luminescence measured following the administration of a known absorbed dose using a calibrated radiation source. This experimentation can be performed using procedures based on the measurement of either TL or OSL. The remaining experimental task is to determine the dose-rate, i.e. the quantity of natural radiation the sample has received per year during burial. This is achieved by measuring the radioactivity of the sample (e.g. the sediment host, or the pottery fabric) and the surrounding burial medium since radiation emitted from the radioisotopes within it (to ~30 cm from the sample) emit radiations that can penetrate the sample. The moisture content of the sample and burial medium also affects the dose-rate (acting as a radiation moderator) and an average value during burial needs to be estimated.

The luminescence age is obtained by evaluating the age equation:
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The luminescence age corresponds to the time elapsed since the last exposure to light or heating and it is an absolute age which does not need to be referred to a secondary calibration. The datum used is in years prior to the measurement. 
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