


age was in poor agreement with the other
data, and further investigation suggested that
this was due to difficulties in calculating the
dose rate.

A detailed, three-dimensional view of the
evolution of this landscape could be made
by combining ages from both an east—west
and a north—south transect (Long et al
2006; Roberts and Plater 2007). Growth was
mostly to the south during the Bronze Age,
but more easterly during the post-Roman
era, then a switch to more northerly
accretion since Saxon times.

To determine the stabilisation of the land
surface itself, radiocarbon samples were
collected from between gravel ridges.
Although a smaller number of radiocarbon
samples were measured, they showed that
gravel deposition typically occurred within
200-400 years of emplacement of the
underlying sand. Together these two dating
methods have provided a clear, three-
dimensional model of landscape
development that provides an important
framework for archaeological finds from the
area.

The sampling scheme was informed by prior
models of the development of this
landscape, and thus succeeded in maximising
the information from the OSL ages. Taking
three samples from each core provided a
check on the reliability of the ages against
the stratigraphic relationships. Luminescence
was ideal for dating the sands, but could not
date the gravels. Thus the combination of
luminescence dates with radiocarbon dates
for the overlying organic sediments gave
additional information.

Fig 37 (top) Ages for the uppermost sands from boreholes drilled across Dungeness Foreland. (bottom) A west—east
transect (shown as a red line in the upper diagram) across Dungeness Foreland showing OSL ages (in years before AD
2000) for the underlying sands (modified from Roberts and Plater 2007).

Table 5 Part (8 of 37 samples) summary of luminescence results from Dungeness foreland samples (Roberts and Plater 2005; 2007): dose rates adjusted
for water contents and calculated for grain size |150—180um; ages expressed as years before AD 2000, rounded to nearest 10 years (or 10a)

lab code depth (m) % water equivalent no. of dose rate (Gylka) age (a)
content dose (Gy) aliquots beta gamma cosmic total

73BH-1/1 375 21 £5 3.70 £0.06 31 041 £0.02 025002  0.13 0.0l 0.79 £0.03 4700 £200
73BH-1/2 595 24 £5 3.11 +£0.05 33 0.39 £0.02 028 £002  0.10 001 0.77 £0.03 4070 £170
73BH-1/3 8.05 25 5 3.44 £0.06 18 0.35 £0.02 025 +002  0.08 £001 0.67 £0.03 5120 £220
73BH-2/1 1125 25 45 431 £0.09 18 049 £0.03 037 £003  0.06 001 092 £0.04 4710 £220
73BH-2/2 1225 25 45 3.81 £0.08 17 0.50 £0.03 037 £003  0.05 +0.01 092 £0.04 4170 £190
73BH-2/3 13.60 25 45 3.55 £0.09 12 051 £0.03 029 £002  0.05 +0.01 0.84 £0.03 4240 £190
73BH-3/1 12.90 25 45 2.37 +£0.06 17 0.38 £0.02 022 £001 0.05 £0.01 0.65 £0.03 3630 +£160

73BH-3/2 139 25 5 242 £0.06 18 0.36 £0.02 023 £002 005 00l 0.63 £0.03 3850 +180




| 3 Fluvial gravels at Broom,
Devon

The river terraces of the Axe River, near
Broom in Devon, have been known since the
|9th century to contain Palaeolithic tools.
From 1932 to 1941 a distinguished amateur
archaeologist, Charles Bean, amassed more
than 900 implements from the gravel
quarries actively mining the river terraces
(Fig 38). In total more than 1800 handaxes
are known from the site (Hosfield and Terry
2001), making it one of the richest
Palaeolithic sites in the United Kingdom
(Hosfield et al in prep).

The sedimentary sequence at Broom can
broadly be subdivided into three parts:
Lower Gravels, Middle Beds (sand, silt and
clay), and Upper Gravels. Based on Bean's
records of where artefacts were recovered
in the quarry, artefacts apparently occur
throughout this sequence. The majority of
these handaxes (97%) are made of Upper
Greensand chert; most of the remainder are
flint. The age of these deposits was uncertain,
only being indicated as Acheulian by the
handaxe typology and some pollen analyses.
The limited archaeological evidence gave no
firm indication that the artefacts were in a
primary context, but the large proportion
(819%) of tools with sharp or very sharp
edges suggested that movement had been
limited. Thus, although they were within a
secondary context, an age for the deposition
of the sediments would significantly improve
chronological knowledge of the site and its
tools. OSL dating was applied to the Broom
sediments as part of The Archaeological

Fig 38 (left) Handaxe from the fluvial gravels at Broom,
Devon. (right) Collecting samples at the boundary
between the sand-rich Middle Beds and the Upper
Gravels for OSL dating (© Dr R Hosfield).

Potential of Secondary Contexts project,
supported by the Aggregates Levy
Sustainability Fund (ALSF).The project
illustrates some of the complexities in applying
OSL to such old materials.

Excavations since 2000 have yielded few
artefacts, so the major aim of the OSL dating
was to attempt to construct a chronology for
aggradation of the fluvial gravels at the site.
While all three parts of the sequence were of
interest, the materials most suitable for OSL
measurements were sands found in the Upper
Gravels and Middle Beds (Fig 38). Researchers
from the Geochronology Laboratory,
University of Gloucestershire collected nine
samples from various outcrops of these units
at different locations in the area, using black
plastic pipes, or where this was not possible,
carved out lithified blocks of material (c 75mm
x 75mm x 50mm) and wrapped them in
opaque plastic for transport to the laboratory.
The outer surfaces of the blocks, which had
been exposed to daylight during sampling,
were removed in the laboratory, and the
resulting sub-sample prepared for OSL
measurements. The innermost material was
selected for analysis from the samples
collected in opaque plastic tubes.

Quartz grains (c 0.Imm diam) were isolated
from most of the samples and the SAR

procedure used to determine D, for 12
aliquots of each sample; each aliquot was ¢
6mg of quartz (4,000 to 10,000 grains). Instead
of LEDs, a filtered halogen light system was
used to provide optical stimulation (16
mW/cm? at 420-560nm). The OSL signals

obtained were generally bright (Fig 39a); the
signal dropped rapidly during measurement,
as expected for quartz.

Gamma dose rate measurements were
made in situ using a gamma spectrometer,
complemented by measurements of K, U and
Th concentrations by neutron activation
analysis (NAA) and ICP-MS in the
laboratory. Current water content for each
sample (between 7% and 29%) was used for
dose rate calculation on the basis that since
deposition they would have experienced a
wide range of climatic conditions. The dose
rate calculated for different samples varied
from 1.08Gy/ka to |.72Gy/ka (Toms et al
2005).

The samples analysed from the Upper
Gravels and the Middle Beds gave D, values
between ¢ 300 Gy and 550Gy, and exhibited
OSL signals showing growth to more than
600Gy (Fig 39b). The natural OSL signals
(Ln/Ty) intersected with this dose
response curve, yielding finite D, values, but
the natural signals were close to the
saturation level of the material (cf Fig 27a).

These results are a good example of the
challenges encountered when applying
luminescence dating to old samples (see
section 5.3). The samples at Broom yielded
finite D, values (and hence ages), but their
reliability may be questionable when they are
close to saturation. Small variations in
experimental uncertainties or systematic
effects will have a large impact on the D,
values. For the sample dose response curve
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shown in Fig 39b, eleven replicate
measurements yielded similar D values (Fig
39¢), but other samples show more variation
between aliquots. Such variation can be
caused by incomplete bleaching or variations
in environmental dose rate between grains;
or by variations in the behaviour of grains as
they approach saturation. These possibilities
are discussed by Toms et al (2005). Because
a large number of samples had been
collected for OSL analysis it was possible to
check for consistency between results, and to
attempt a Bayesian analysis, which implied
ages ranges of 282-324ka for the Middle
Beds and 205-292ka for the Upper Gravels
(Toms et al 2005).

Dating sites such as Broom is important, and
OSL provides one of the few techniques
applicable. However, interpretation of the
ages from this and other sites that lie near
the limit of current luminescence dating
methods is complex. Publication of the ages
from these sites requires the inclusion of
detailed supporting luminescence data, so
that their validity can be assessed now and in
the future.
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|4 Dating medieval bricks

Only in recent years has the potential of
luminescence dating been realised for
increasing our knowledge of the phasing of
construction of brick-built structures. To
evaluate and demonstrate this potential,
samples of bricks were collected from
several buildings in England whose ages were
well known from documentary evidence or
dendrochronology: Boston Guildhall,
Tattershall Castle, Ayscoughee Hall,
Doddington Hall and Fydell House. Their
ages range from AD 1390 to AD 1737.
Samples were collected by drilling into
selected bricks in situ to extract solid cores
of material (Fig 40). The cores were wrapped
in opaque plastic and taken to the
laboratory for sub-sampling under laboratory
safe-lights.

Measurements of gamma dose rates were
made in situ using two methods: using a Nal
gamma spectrometer and by placing
aluminium oxide dosimeters into the drill
holes. The gamma dose rate measurements
were used as the basis for the gamma dose
rate. The beta dose for each sample was
measured in the laboratory using a
technique known as beta TLD

(@)
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Fig 41 (a) OSL decay curve for quartz grains separated from a brick from Fydell House,
Boston, Lincolnshire (sample 31 1-6; Bailiff 2007); (b) D, values from sample 311-6 as a
function of preheat temperature — blue points = data from individual aliquots, red points
and bars = means and standard deviations; (c) D, values (blue) means and standard
deviations (red) from sample 315-5 from Clarendon House, Wiltshire. This sample has a
dimmer OSL signal, which may contribute to the increased scatter observed in the D,
values.

Equivalent Dose (Gy)

Equivalent Dose (Gy)

1.25

1.00

0.75

0.50

0.25
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Table 6 Summary of luminescence data for brick samples from medieval buildings (see Table 7): ages expressed as years before AD 2005;
uncertainties include random and systematic sources to one standard deviation.

laboratory preheat equivalent no. of dose rate (Gy/ka) age (a)
(Dur05 OSLqi) temp (°C) dose (Gy) aliquots beta gamma total
301-1 220-250 1.27 £0.02 16 1.89 093 2.82 £0.06 450 +27
310-1 220-240 2.70 £0.03 10 299 1.38 437 £0.10 617 £37
311-2 220-250 1.05 £0.02 Il 248 131 379 £0.08 278 £17
311-4 210-240 [.I5 £0.04 14 258 131 3.89 £0.09 296 £20
311-6 220-240 0.97 £0.01 14 1.96 1.26 342 £0.12 284 £17
315-4 210-230 [.12 £0.02 6 1.98 41 3.39 £0.07 330 £18
315-5 200-240 0.95 £0.03 8 211 1.35 346 £0.08 273 £18
317-1a 200-240 .36 £0.01 8 2.05 [.19 3.24 +£0.07 419 £24
317-1b 210-230 .56 £0.04 9 242 .21 3.64 £0.08 427 £27
318-1 200-240 [.79 £0.02 Il 2.09 I.16 3.25 £0.07 550 £33
318-2 200-240 1.84 £0.03 8 226 1.07 3.33 £0.08 552 £34
319-1 200-240 .93 £0.02 7 2.14 1.32 346 £0.08 558 £32

sources (see Bailiff 2007 for details)

lab code building luminescence age (a)
(Dur05 OSLgqi)
301-1 Alford Manor House, Alford, Lincs 450 £27
310-1 St Mary's Guildhall, Boston, Lincs 617 £37
311-2 Fydell House, Boston, Lincs 278 £17
311-4 Fydell House, Boston, Lincs 296 £20
311-6 Fydell House, Boston, Lincs 284 £17
3154 Clarendon House, Wiltshire 330 18
315-5 Clarendon House, Wiltshire 273 £18
317-1a Doddington Hall, Doddington, Lincs 419 £24
317-1b Doddington Hall, Doddington, Lincs 427 £27
318-1 Tattershall Castle, Tattershal, Lincs 550 £33
318-2 Tattershall Castle, Tattershal, Lincs 552 £34
319-1 Ayscoughfee Hall, Spalding, Lincs 558 £32

alendar date

Table 7 Comparison of luminescence ages from OSL measurements of quartz from bricks in medieval buildings: luminescence ages from Table
6 given as years before AD 2005 and as calendar dates for comparison with independent assessment of the ages from archival and other

independent assessment
or assigned date range

555 £27 [611-1615
1388 £37 [390-1395
1727 £17 [700-1726
1709 £20 [700-1726
1721 £17 1724-1726
1688 £18 16671690
1730 £18 |717-1737
1586 £24 1593—-1600
1576 £27 1593—-1600
1455 £33 [445—-1450
1453 £34 [445—-1450
1447 £32 [450-1455

(thermoluminescence dosimetry), which
uses a sensitive luminescence phosphor to
measure the beta activity of the sample
directly. The advantage for this study is that
the beta dose will originate from entirely
within the specific brick being sampled. For
these samples the beta dose contributes ¢
64% of the total dose (Table 6).

Further emission counting methods

were used to measure the alpha activity
(normally assumed to be zero) of the
quartz grains used for luminescence
measurements. The measurements here
suggested that the alpha activity was ¢ 1%
of the total dose rate (between 2.8 Gy/ka
and 4.4Gy/ka). However, a small allowance
was made for this by adding 0.03
+0.02Gy/ka to the dose rate calculated
for each sample.

The cosmic dose rate was calculated using the
position of the bricks within each structure as
a guide to their likely exposure. The water
content of the bricks was less than 2% for all
samples except one, whose value was 3—4%.
For calculation of the average dose rate, a
water content of 3 +1% was used for all
samples except for the one whose value was
higher; for that sample 5 1% was used.

Coarse grains of quartz (¢ 0.Imm diam)
extracted from the bricks were used for OSL
measurements. OSL signals from aliquots
containing 1-2mg of the quartz was measured
using optical stimulation provided from either
blue LEDs (c 50 mW/cm?) or a filtered
halogen light (c 30 mW/cm?). The brightness of
the OSL signal varied substantially between the

different samples, and the dimmest sample had
a signal to background ratio close to 1.0.
These OSL signals were characterised by

a rapid drop at the beginning of the
measurement, as expected for quartz

(Fig 41a). Aliquots that had large statistical
fluctuations in their OSL signals after
background subtraction were excluded from
further analysis.

The samples were measured using a SAR
procedure, giving between 6 and 16 Dy, values
for each brick that could be combined for use
in the OSL age calculation (Table 6).The
selection of an appropriate preheat
temperature was done by measuring D, at a
variety of preheats for each sample. For some
samples the D, values were reproducible,
while more scatter was observed for others
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Fig 42 Comparison of ages obtained using OSL dating of bricks and dates assigned to parts of the built structures based
on documentary and dendrochronological evidence (Bailiff 2007).

(Fig 41b and c).

The comparison between the OSL ages and
the assigned dates was extremely good

(Table 7 and Fig 42), and the typical error on
the OSL ages was only 25 years, even allowing
for systematic errors. Further analysis of bricks
from another site, Alford Manor (301-1), gave
OSL dates some 55 years earlier than the
assigned ages, and subsequent structural
analysis showed that the part of the building
that had been sampled had been rebuilt,
possibly re-using bricks from an older
structure.

Although the use of OSL for dating bricks has
not been common in England, the potential of
the method is clear, both for dating structures
whose age is unknown, and potentially for
detecting areas that have been rebuilt, or
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Summary

Luminescence is the light emitted by minerals
after they have been exposed to radioactivity. It
provides a method for dating materials that
were either heated in the past (pottery, burnt
flint and bricks) or that were exposed to
daylight (geological sediments). The event being
dated is the last time the sample was heated or
exposed to daylight. The method is applied to
the mineral grains within a sample, and the
majority of analyses are undertaken on quartz.
The method is based on the observation that
exposure of a sample to radioactivity increases
its luminescence signal and provides the basis
for the chronometer. Radioactivity is ubiquitous
in the natural environment, originating from
uranium, thorium and potassium surrounding
the sample, and from cosmic rays that originate
from beyond the Earth.

Luminescence measurements are used to
calculate the total radiation dose to which the
sample has been exposed since the event being
dated. This quantity is known as the equivalent
dose (D), and is measured in the units Gray

(Gy)-

The rate at which a sample is exposed to
radioactivity in its natural environment can be
measured either by chemical methods or by
directly measuring the emission of radioactivity.
This is termed the dose rate and has the units
Gray per year (Gy/year). The age of the sample
is calculated by dividing the equivalent dose by
the dose rate.

Two types of luminescence measurement can
be made in the laboratory: heating the sample
results in thermoluminescence (TL); or
stimulating the sample using light of a limited
wavelength, which results in the emission of
Optically Stimulated Luminescence (OSL).TL is
used to date materials when the event being
dated is the last time they were heated. OSL is
the appropriate technique when dating the last
exposure to daylight. OSL can also be used for
heated materials.

Unlike radiocarbon ages, luminescence ages do
not require calibration. The unit annum
(abbreviated to ‘a') should be used instead of
‘vears', or ka (thousands of years) where
appropriate. The term BP (before present)
should never be used for a luminescence age; it
should only be used for radiocarbon ages. The
age range over which luminescence dating
works varies from sample to sample depending
upon the nature of the quartz and the dose
rate specific to that sample. In ideal
circumstances the method works on samples
from as young as a few decades to as old as
several hundred thousand years.

The precision of luminescence ages is typically
5-10%,; thus ages of 50 £5a, 5,000 £500a and
50 £5ka all have uncertainties of 10%.The
largest single source of uncertainty is the
water content of the samples, which affects the
dose rate.

Calculating luminescence ages involves
measurement of many parameters, and
reports from luminescence laboratories should
include all of this data and be included in the
project archive. When reporting dates in
monographs or academic papers it is essential
to incorporate sufficient data to enable
readers to judge the quality of the age.
Particular problems occur for very young
samples (< 1000 years) where low
luminescence signal levels may degrade the
precision, and for very old samples (> 50,000
years) where saturation of the luminescence
signal limits the application of the method and
introduces larger errors as the sensitivity of
the technique is reduced. When dating the last
exposure of materials to daylight additional
complications can arise if the sample was not
exposed to daylight, for a sufficient period of
time to completely remove any pre-existing
signal.

Replicate measurements of D, from a single
sample can be used to test whether this
occurred, by looking to see whether the D,
values are consistent from one sub-sample to
another. Statistical methods are available
designed to calculate the age in situations
where the signal was not completely removed
at deposition.

A minimum requirement when reporting dates
is to include diagrams illustrating the
luminescence signal measured and the growth
of the luminescence signal with radiation dose.
Where there are concerns about whether the
sample was exposed to sufficient daylight at
deposition to reset the signal the results of
replicate measurements of D, should be
shown. A table of the results should also be
included and at a minimum this should list the
laboratory code, the material analysed, dose
rate, D, the number of replicate
measurements used to calculate D, and the
calculated age. Luminescence ages are
calculated in years before the date of
measurement, and the date of measurement
needs to be stated. The text associated with
the table and the figures should also include a
brief description of the analytical methods
used for D, and dose rate measurements, and
a description of how the water content was
assessed.

Given the complex nature of luminescence
dating it is generally recommended that

publication is undertaken jointly with the
luminescence laboratory involved with the
measurements so that they can provide expert
input into the presentation of the data.

In text, luminescence ages should be quoted
with their unique laboratory code, and the
date listed with its associated uncertainty. Ages
may be expressed in years before some datum
(eg AD 2007), or as calendar dates BC or AD.

Luminescence provides a powerful technique
that complements other dating methods.
Given the complexity of the method it is
recommended that the luminescence
laboratory be consulted early in the project
planning stage to provide advice about the
optimal sampling conditions and to assist in
designing a sampling strategy.

Further reading

The fundamentals of luminescence dating were
spelt out in detail by Aitken (1985), and a brief
version was included in his later book (Aitken
1990). Subsequently Roberts (1997) provided
a comprehensive review of the use of
luminescence in archaeological applications
worldwide. While these sources remain
excellent for discussions relating to the dose
rate and the use of thermoluminescence, they
predate the major developments in the use of
the optically stimulated luminescence (OSL)
signal from quartz, and the SAR procedure
now used. More recent reviews by Lian and
Roberts (2006) and Duller (2004) focus on
developments in the use of OSL for estimation
of D, and Jacobs and Roberts (2007) provide
an overview of the current state-of-the-art in
applying single-grain methods. Walker (2005)
gives a broader summary of the use of
luminescence in Quaternary sciences. Wintle
(2008) looks at the history of the
development of luminescence dating with
particular attention to archaeological



applications.
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Glossary

aliquot a sub-sample of the material whose
luminescence signal is being measured. Typically,
aliquots of sand-sized grains are I-5mg of the
sample. For fine-grain (0.004-0.01 Imm diam)
samples an aliquot will weigh Img or less. The
grains of quartz, feldspar or other mineral
being measured are mounted on a steel or
aluminium disc ¢ 9.8mm diameter.

alpha particle one type of radiation emitted
from atoms when they undergo radioactive
decay; an alpha particle is a helium nucleus and
consists of two neutrons and two protons that
can travel up to 20pm.

anomalous fading a luminescence signal that is
anomalously unstable compared with
theoretical predictions. This affects feldspars,
and if unaccounted for would lead to
luminescence ages that are too young.

beta particle one type of radiation emitted
from atoms when they undergo radioactive
decay; a beta particle is an electron. They can
travel up to 2mm.

bleaching exposing a sample either to daylight
or to an artificial light in order to remove the
trapped electron population.

conduction band a conceptual part of a
crystal where electrons can move freely from
one part of the crystal to another: In most
minerals electrons need additional energy (eg
from heating or exposure to light) to reach
the conduction band, and electrons can only
exist in the conduction band for a limited
period of time.

cosmic rays a type of high energy, penetrating
radiation made up of charged particles that
originate beyond the Earth; can be deflected
by the Earth's magnetic field.

dose rate (also known as the effective dose
rate) the total radiation dose to which a
sample has been exposed in a given period of
time; normally expressed as the radiation dose
per vear (Gy/a) or per thousand years (Gy/ka).

dose response curve the increase in a
luminescence signal as a function of the
radiation dose it has absorbed before
measurement.

equivalent dose the laboratory estimate of the
radiation dose that the sample received during
burial; commonly, and preferably, abbreviated
D, other terms sometimes used include

palaeodose (P).

gamma ray one type of radiation emitted from
atoms when they undergo radioactive decay; a
type of electromagnetic radiation that can
travel up to 300mm.

glow curve the thermoluminescence signal
from a sample as it is heated from room
temperature to typical temperatures of ¢
400°C or 500°C.

Gray (Gy) the SI unit used for absorbed
radiation dose: one Gray is equivalent to one
joule of energy being deposited in each
kilogramme of a sample.

growth curve see ‘dose response curve' (the
preferred term).

incomplete bleaching term applied to
sediments that did not receive sufficient
exposure to daylight before deposition to
reset the trapped electron population, making
it more complex to date, and requiring many
replicate D, measurements and use of
statistical methods.

infrared stimulated luminescence (IRSL) the
luminescence signal emitted when a mineral is
exposed to infrared radiation (typically ¢
880nm, beyond the visible range); used for
dating feldspars.

isotope one form of an element: different
isotopes of an element have the same
chemical properties, but different atomic
masses due to different numbers of neutrons
(eg “C, *C and "“C, or **U and **U, or K and
“K — the number beside the element denotes
the atom’s mass). Thus, an atom of "“C has an
atomic mass of |2, while “C is heavier with a
mass of 4. Unstable isotopes — such as "“C,
22U, 28U and “K — emit radiation as they

transform into a different isotope or element.

luminescence a phenomenon exhibited by
many naturally occurring materials and used as
the basis for dating. Luminescence is light
emitted by some minerals when thermally or
optically stimulated following exposure to
ionizing radiation. The light is normally weak,
invisible to the naked eye, but detectable in the
laboratory using a photomultiplier tube.

optical dating dating using the OSL signal.
optically stimulated luminescence (OSL) the
light emitted from a sample when it is

stimulated by exposure to light.

photomultiplier tube (PMT) a highly sensitive
device for measuring very small amounts of

light (eg luminescence).

photoluminescence (PL) another term for
optically stimulated luminescence.

preheat (cutheat) heating a sample prior to
measuring its luminescence in order to remove
unstable signals; samples are typically heated in
the range 150°C to 300°C.

radial plot a type of graph commonly used to
display multiple D, estimates, determined for a
single sample; each Dy, value is shown as a
separate point together with the uncertainty
associated with that measurement, enabling
visual differentiation between those points
known precisely and those known less well.

radioactivity the spontaneous disintegration of
atoms by emission of matter and energy,
including alpha and beta particles, and gamma
rays.

recycling ratio or recycling test one of a
range of tests commonly made as part of a
SAR sequence. Recycling tests involve applying
the same regeneration dose in two different
cycles, and giving the ratio of the sensitivity
corrected luminescence signals from the two
measurements — recycling ratio. If the SAR
protocol and the sensitivity correction are
working appropriately, then the recycling ratio
should be |.Values from 0.9 to I.I are
considered acceptable; values outside these
limits indicate that the SAR protocol is not
working as expected and that the data for that
aliquot should be discarded.

single aliquot regenerative dose (SAR)
protocol a sequence of laboratory operations
commonly used to measure D; normally used
on quartz, a main advantage of which is that
by using a test dose, any changes in the
luminescence sensitivity of the sample are
explicitly monitored and corrected.

test dose a radiation dose, given to an aliquot
in the laboratory, and used to monitor
whether the aliquot is undergoing changes in
its luminescence properties during the
sequence of measurements that make up a
SAR protocol.

thermal transfer the movement of electrons
from one trap to another in a crystal by
heating; may cause problems when dating very
young sediments, so a preheat test should be
used to determine the preheat temperature to
minimize the problem.

thermoluminescence (TL) the light emitted
when a crystalline material, which has
previously been exposed to radioactivity, is



heated. It results from the release of energy
stored within the crystal and is different from
the incandescence (black body radiation) that
is observed at higher temperatures (especially
> 500°C). Incandescence is observed by
heating the sample a second time, and is
subtracted from the first TL measurement.

trap or trapping centre a site in a crystal
where electrons can become lodged and
remain stored for some period of time
(varying from fractions of a second to millions
of years depending on the nature of the trap).
Some traps are formed by chemical impurities
in the crystal; others may relate to structural
defects. Stimulating the crystal by heating it or
exposing it to light can eject electrons from
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traps into the conduction band.

Appendix | Sources of advice on
Scientific Dating from English
Heritage

Within English Heritage the first point of
contact for general archaeological science
enquiries, including those relating to
luminescence dating, should be the English
Heritage regional science advisors, who can
provide independent, non-commercial advice.
Such advisors are based either in universities
or in the English Heritage regional offices.
Please contact regional advisors currently

based in universities at their university address.

North West

Sue Stallibrass

University of Liverpool

Department of Archaeology, Classics and
Egyptology (SACE)

Hartley Building, Brownlow Street
Liverpool L69 3GS

telephone: 0151 794 5046

fax: 0151 794 5057

e-mail: Sue.Stallibrass@liv.ac.uk

North East

Jacqui Huntley

Department of Archaeology

University of Durham

Science Laboratories

Durham DHI 3LE

telephone and fax: 0191 33 41137

e-mail: Jacqui.Huntley@english-heritage.org.uk

Yorkshire

Andy Hammon

English Heritage regional office

37 Tanner Row, York YO | 6 WP

telephone: 01904 601 983

fax: 01904 601 999

mobile: 07747 486255

e-mail: Andy.Hammon@english-heritage.org.uk

West Midlands

Lisa Moffett

English Heritage regional office

8th Floor, The Axis, 10 Holiday Street,
Birmingham Bl ITG

telephone: 0121 626 6875

mobile: 07769 960022

e-malil: Lisa.Moffett@english-heritage.org.uk

East Midlands

Jim Williams

English Heritage regional office

44 Derngate, Northampton NN [UH
telephone: 01604 735451

mobile: 07801 213300
e-malil: Jim.Williams@english-heritage.org.uk

East of England

Jen Heathcote

English Heritage regional office

24 Brooklands Avenue, Cambridge CB2 8BU
telephone: 01223 582759

mobile: 07979 206699

e-mail: Jen.Heathcote@english-heritage.org.uk

South West

Vanessa Straker

English Heritage regional office

29 Queen Square, Bristol BS| 4ND
telephone: 0117 975 0689
e-mail:Vanessa.Straker@english-heritage.org.uk

London

Vacant

English Heritage

| Waterhouse Square, |38—142 Holborn
London ECIN 2ST

South East

Dominique de Moulins

Institute of Archaeology

UCL

Room 204A

31-34 Gordon Square, London WCIH OPY
telephone: 020 7679 1539

fax: 020 7383 2572

e-mail: D.Demoulins@ucl.ac.uk

Specific advice on scientific dating, including
luminescence, can be sought from the English
Heritage Scientific Dating Team (Alex Bayliss,
John Meadows, and Isabelle Parsons).

Scientific Dating Team

English Heritage

| Waterhouse Square, |38—142 Holborn
London ECIN 2ST

telephone: 020 7973 3299



fax: 020 7973 3001
e-mail: Alex.Bayliss@english-heritage.org.uk

Appendix 2 Luminescence
laboratory contact details

An essential part of the successful application
of luminescence dating is early discussion
between the field project director and the
specialist undertaking the analysis. Contact
details of laboratories in the United Kingdom
that are equipped to undertake luminescence
dating are given below. Note that not all

laboratories undertake all forms of analysis nor

do they all provide commercial services. The
laboratories are listed in alphabetical order
based upon their location or commercial
name. Details were correct at the time of
writing.

Aberdeen

Alastair Gemmell

Geography & Environment

School of Geosciences

University of Aberdeen

Elphinstone Road, Aberdeen AB24 3UF
telephone: 01224 272337

fax: 01224 272331

e-mail: a.gemmell@abdn.ac.uk

Aberystwyth

Luminescence Research Laboratory
Institute of Geography and Earth Sciences
Aberystwyth University

Ceredigion SY23 3DB

telephone: 01970 622606

fax: 01970 622658

e-mail: ggd@aberac.uk

website:
www.aberac.uk/quaternary/luminescence

Cheltenham

Phil Toms

Geochronology Laboratories

Department of Natural and Social Sciences
University of Gloucestershire

Swindon Road, Cheltenham GL50 4AZ
telephone: 01242 714708

fax: 01242 714826

e-mail: ptoms@glos.ac.uk

website: www.glos.ac.uk/luminescence

Durham

lan Bailiff

Department of Archaeology
Durham University

South Road, Durham DHI 3LE
telephone: 0191 3341100

fax: 0191 334110l

e-mail: ian.bailiff@durham.ac.uk
website: www.durac.uk/lumin.dating/

Liverpool
Andreas Lang
Department of Geography

Roxby Building

University of Liverpool

Liverpool L69 72T

telephone: 0151 7942842

fax: 0151 7942866

e-mail: lang@liv.ac.uk

website:
www.livac.uk/geography/OSL/index.htm

Loughborough

Helen Rendell

Department of Geography
Loughborough University
Loughborough, Leicestershire LEI | 3TU
telephone: 01509 223729

fax: 01509 223930

e-mail: H.M.Rendell@lboro.ac.uk

Nottingham

Michele Clarke

School of Geography

The University of Nottingham
University Park, Nottingham NG7 2RD
telephone: 01 15 9515446

fax: 0115 9515249

e-mail: michele.clarke@nottingham.ac.uk

Oxford

Jean-Luc Schwenninger

Research Laboratory for Archaeology and the
History of Art

Dyson Perrins Building

South Parks Road, Oxford OX| 3QY
telephone: 01865 285222

fax: 01865 285220

e-mail: jean-luc.schwenninger@rlaha.ox.ac.uk
website: www.rlaha.ox.ac.uk

Oxford Authentication Ltd

Doreen Stoneham

Oxford Authentication Ltd

Boston House, Grove Technology Park
Wantage Oxfordshire, OX12 9FF
telephone: 01235 770998

fax: 01235 771021

e-mail: info@oxfordauthentication.com
website: www.oxfordauthentication.com

Richard Bailey

School of Geography, OUCE,

South Parks Road, Oxford, OX1 3QY
telephone: 01865 284550

fax: 01865 285220

e-mail: richard.bailey@ouce.ox.ac.uk
website: www.ouce.ox.ac.uk/research/arid-
environments/old

Royal Holloway

Simon Armitage
Department of Geography
Royal Holloway

Egham, Surrey TW20 OEX
telephone: 01784 276124

fax: 01784 472836
e-mail: simon.armitage@rhul.ac.uk

Sheffield

Mark Bateman

Department of Geography

The University of Sheffield

Sheffield S10 2TN

telephone: Ol 14 222 7929

fax: 0114 2797912

e-mail: M.D.Bateman@Sheffield.ac.uk
website: wwwi.shef.ac.uk/scidr/luminescence

Scottish Universities

Environmental Research Centre

David Sanderson

Scottish Universities Environmental Research
Centre

Rankine Avenue, Scottish Enterprise
Technology Park, East Kilbride G75 0QF
telephone: 01355 270110

fax: 01355 229898

e-mail: D.Sanderson@suerc.gla.ac.uk
website:
www.gla.ac.uk/suerc/staff/sandersond.html

St Andrews

Ruth Robinson

School of Geography & Geosciences
Irvine Building

University of St Andrews

North Street, St Andrews, Fife KY'16 9AL
telephone: 01334 463996

fax: 01334 463949

e-mail: rajr@st-andrews.ac.uk

TL Quaternary Surveys

Nick Debenham

|9 Leonard Avenue

Nottingham NG5 2LW

telephone: 0115 9856785

fax: 0115 9856785

e-mail: n.debenham@qtls.globalnet.co.uk
website:
www.users.globalnet.co.uk/~gtls/index.htm
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