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In optical dating (and in other dating methods) it is
often required to compare age estimates, or
equivalent dose estimates, for a number of single
grains or aliquots. Typically each estimate has a
different and (hopefully) known precision, which
needs to be taken into account. A useful graphical
method in this situation is the radial plot (Galbraith,
1988; Galbraith et al, 1999) in which standardised
estimates are plotted against the reciprocals of their
standard errors. One feature of this plot is that a set of
estimates that agree with each other, within error, will
scatter homoscedastically, with unit standard
deviation, about a line through the origin. This gives
a visual assessment of which estimates are consistent
with a common age or dose.

Often such a visual assessment will be sufficient, but
sometimes it may be useful to assess more formally
whether several estimates are consistent with a
common value. This note points out that there are
standard statistical tests available for this purpose.

Homogeneity test
Suppose that we have # independent estimates
2,,2,,...,z, With standard errors o,,0,,...,0,. Let 4

denote the expected value of z , so we can regard z,
as an observation from a distribution with mean 4,
and standard deviation ¢,. We wish to test the null
hypothesis that 4 =z, a common (but unknown)

value for each 7.

There is a standard test based on the assumption that
z, is from a Normal distribution. In this case, the

maximum likelihood estimate of 4 (under the null
hypothesis) is the weighted mean

n
A_Zi:lwizi h _ 1
f="==—— where w,=—
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and the homogeneity test statistic is
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If the 4 are all equal, then G will be from a y°
distribution with n—1 degrees of freedom. If the 4
differ then G will tend to be larger.

So the test is to calculate G and hence calculate the
“P-value”, which is the probability that a random
value from the z* distribution with n—1 degrees of

freedom is greater than G. A significantly small P-
value, with the usual conventions (e.g., less than 0.05
or 0.01), provides evidence that the 4 are not all

equal.

It is worth noting immediately that a significant P-
value can also arise if the standard errors o, are not

correct, particularly if they under-estimate of the true
standard errors. This possibility should be borne in
mind in practice. To put it another way, one is really
assessing whether the observed variation in z, is

consistent with what would be expected from the
given o, alone.

Relation with radial plots
The above test can be interpreted in terms of a radial
plot, where y =z/c, is plotted against x, =1/c,.

The estimate of ;; can be written equivalently as
n
Zi:l XiVi
no2
Zizl i

which is the slope of the ordinary least squares
regression line through the origin; and G can be
written as

Q=

G= Z (yi _/&xi)z
i=1

which is the sum of squared residuals about the
regression line. In effect, the test is assessing whether
the residual standard deviation about the regression
line through the origin is consistent with 1. In
practice, in a radial plot one normally uses
v, =(z,—z,)/o, for some convenient z , but the

above interpretation still applies.
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Application to OSL doses

Many optical dating methods use a single aliquot
regenerative dose (SAR) protocol, which produces a
dose estimate and its standard error for each grain or
aliquot in a sample. Suppose we wish to assess
whether these estimates are consistent with a
common value. There is more than one way to apply
the above test. For example, we could let z, be the

dose estimate (in Gy), or we could let z be the

natural /og of the dose estimate. Because the test
assumes that z is from a Normal distribution, the

latter choice may often be preferred. In this case, o,

would be the standard error of the log dose — which
is effectively the relative standard error of the dose.
Note furthermore that the standard error of a dose
estimate generally increases with the size of the dose,
whereas the relative standard error does not (to the
same extent, at least). This is another reason why
using the log doses may be preferred.

For illustration, consider the data in Table 1, taken
from Galbraith et al. (1999). These are palacodose
estimates and standard errors (in Gy), and the
corresponding log palacodose estimates and their
standard errors, for seven single grains of quartz.

Grain | Palacodose (Gy) Log palacodose
number
estimate | s.e. estimate s.e.

19 30.1 4.8 3.4055 0.1607
22 53.8 7.1 3.9857 0.1314
25 54.3 6.8 3.9943 0.1253
50 29.0 4.3 3.3663 0.1494
99 47.6 52 3.8630 0.1087
105 44.2 59 3.7887 0.1330
107 43.1 3.0 3.7627 0.0702

Table 1.

Data for example calculation

In this example it is more reasonable to apply the test
to the log palacodose estimates. Indeed, the standard
errors of these were obtained directly from the OSL
photon counts, while the standard errors of the
palacodoses were derived from them — e.g., for
grain 19, as 30.1x0.1607 =4.8.

The reader may verify that, from the above formulae,
4=37737 and G=19.10, with 6 degrees of
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freedom. Hence the P-value is approximately 0.004
(the probability that a value from 4?(6) is greater
than 19.10), which is strong evidence against the null
hypothesis. On this basis there is strong evidence that
the estimated doses are not consistent with a common
value, within the given errors. As noted above, this
may be because the true doses vary or because the
standard errors have been under-estimated (or both).

Figure 1 shows a radial plot of the data in Table 1
which suggests visually that the estimates are slightly
over-dispersed — for example, two of the seven
points scatter outside the +2 standard error band
shown. This plot uses z =/.=3.7737, so the

horizontal radius corresponds to ¢*”"" = 43.5 Gy.
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Figure 1.
Radial plot (log scale) of the palaeodose estimates in
Table 1.

Galbraith ez al. (1999) used these data to illustrate the
calculations for the central age model. The over-
dispersion parameter O was estimated to be 0.1724,
with standard error 0.0694, suggesting, in particular,
that o is greater than zero (rather than equal to
zero). That is, the dose estimates vary by more than
their standard errors would imply, in agreement with
the above test. The central age model, in addition,
gives an estimate of the amount of over-dispersion
(albeit rather an imprecise one in this example with
only seven grains).

Further remarks

Homogeneity tests, such as that above, have been
found useful in other contexts — for example in
fission track dating and in “meta analysis” of medical
trials. When over-dispersion is present, different
types of question may then arise as to its cause and
effect, which may invite different types of subsequent
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analysis. A good modern reference to the above test
is Armitage et al, (2002), pages 216 and 643. This is
a new edition of a classic book aimed at medical
researchers, but it is also an excellent general
reference for modern statistical methods.

The above test has quite low power, particularly
when 71 is large and the zs do not vary greatly. That

is, moderate heterogeneity of the £, may not produce

a significantly large G . This may not be a bad thing
in the present context. As always, it should be
remembered that data may be consistent with the null
hypothesis and at the same time be consistent with
other hypotheses.

Finally, the fact that standard errors of dose estimates
tend to increase with the size of dose, has other
implications. For example, when plotting a number of
dose estimates in a histogram, the larger ones will
tend to scatter more. This is one reason why such
histograms are often positively skewed.

I thank Geoff Duller and Bert Roberts for useful
comments.
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Introduction :
In recent years, ESR analysis has been used for the
direct dating of human tooth enamel (e.g. Thorne et
al. 1999, Griin et al. 2003). During the refereeing
process of a paper on the ESR dating of an enamel
fragment from Skhul, the dating results were objected
to because of the unknown dose rate contributions to
the tooth from the human mandible and the skull cap,
which are in close proximity to the sample. Here we
" address the problem of dosing and shielding of a
human tooth by a mandible and skull cap, and present
model calculations for three cases: Skhul, Mungo and
Border Cave.

Skull radiation modelling

Dosimetry was modelled using the Monte Carlo
radiation transport code MCNP4C (Briesmeister
2000). Input files are employed which contain: a)
spatially-resolved materials; b) radiation emission

spectra and source locations; c).radiation detector
. tallies; -and d) additional systemic. information. -

MCNP follows the history of each gamma source
photon (and any secondary particles generated) by
stochastically sampling initially a starting position,
direction and energy and then interactions based on
tabulated data. Secondary electrons were assumed to
be deposited locally. The strength of Monte Carlo

methods arises from their ability - to calculate

radiation transport in complex environments with
little increase in systematic uncertainties.

To assess the dose rate contributions of a mandible
and a skull cap, we used a computer tomography scan
(axial slices) of the Skhul V specimen (see home site
of the Peabody Museum, Harvard University) as the
basis for the geometry. The data were re-sampled to
yield voxels (short for velume pixel, the smallest

distinguishable box-shaped part of a three-
dimensional image) of approximately 4mm isotropic
dimension. Further processing was needed to insert
the skull geometry into the Monte Carlo model. We
designed a program to divide up the skull and
surrounding sediment into several thousand "cells"
optimised for computational efficiency. The
calculations were carried out for "typical" dry
sediment (Garrels and MacKenzie 1971) as 1.775 g
cm™ and “typical” wet sediment of 2 g cm® with
water present 25% by weight following . Aitken
(1985). During the life time of an individual, the
average density of dense human bone sections is
around 1.9 g cm™ (Cameron et al. 1999, p. 96).
During diagenesis, bones may either lose mineral
component, i.e. become less dense, or continue to
mineralise, i.e. become more dense (Hedges 2002).
Calculations were carried out for densities of 1.6 g
cm” and 2.7 g cm” to cover the possible density
range of fossil bones. To calculate the overall dose
rates to a tooth from the mandible and skull cap, it is -
important to know how much of the sediment dose
rate from Th and K is shielded. These values were
also calculated for the above conditions.

The gamma spectra were downloaded 21 April 2003
from the Evaluated Nuclear Structure Data File
(ENSDF) database at the Brookhaven National
Laboratory http://www.nndc.bnl.gov. All models
were run for approximately 20 million photon
histories. MCNP provides energy deposition in
detectors normalised to one source particle. The
infinite matrix dose (IMD) for each decay group was
estimated by determining the energy deposited in a
known mass embedded inside a large volume of
uniform fossil material. The ratio of tooth self-dose to
IMD self-dose, ¥, can be written:




80

\IJ — Diooth Mg MIMD detector
DIMD Myooth MYMD volume

(N

where D is the energy deposited and m is the mass. In
an infinite matrix, there exists a state of “radiation
equilibrium”, such that energy entering a small mass

‘is equal to the energy exiting. In this case, 1-¥

provides a measure of the attenuation of the IMD
within the tooth. Although this is not strictly the case
for the models used here, the composition of
sediment (average Z-value) is sufficiently similar to
the composition of the skull to warrant this
approximation and the uncertainties in the attenuation
estimates are incorporated in the results (see e.g.
gamma attenuation factors of Hubbell 1982).

Results of the modelling

The gamma dose contributions are tabulated in '

Tables la-c (p = 1.6 g cm™) and 2a-c (p = 2.7 g cm™)
as fractions of the bone IMD. Uncertainties are
associated with counting statistics of the model.

- The most obvious and somewhat surprising result is

that the IMD fraction of the complete skull to a
specific tooth (Tables 1a and 2a) is not simply the
sum of the skull cap (Tables 1b and 2b) and mandible
(Tables lc and 2c). This is caused for a tooth in the
mandible (i) by the greater distance to the skull cap
compared to a tooth in the upper jaw, and (ii) by
partial shielding of the dose rate from the skull cap
by the teeth in the upper jaw. The equivalent
symmetrical relationships apply to a tooth in the
upper jaw. The self-dosing/shielding of a row of four
teeth is in the range of 5% of the IMD.

For the U-chain_s in equilibrium, the wetness of the
sediment has virtually no influence on dose rate
calculations. The fractions of the whole skull’s (p =

1.6 g cm’) uranium IMD received by a lower incisor

are 0.0731 (dry sediment) and 0.0737 (wet sediment,
see Table 1a), i.e. the differences are less than 1%.

The contribution of the skull to the dose. rate of a
tooth is strongly dependent on the density of the skull
(compare Tables 1 and 2). The percentages of the
whole skull’s uranium IMD received by a lower
incisor are 0.0731 (p = 1.6 g cm™, dry sediment) and
01137 % (p=27¢g cm?, dry sediment), the latter
being about 56% higher.

To calculate the effect of gamma dosing from the
mandible and skull cap, two processes have to be
considered:
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1) U-series disequilibrium. About 93% of the total
gamma dose rate from the U-decay chains are
generated by the decay of 219ph and 2"Bi. Therefore,
the *Th/*®U ratio has to be considered for dose rate
calculations.

The activity of *°Th is expressed by:

230]’7’:234 U(l _ e(—}.zmt) )=238 U(l _ e(-lz;,ot)) .

if =1 | @

where Ay3 is the decay constant of 0T, Equation
(2) requires that **U and **U are in secular
equilibrium at t=0 (i.e. when theé uranium is
incorporated into the sample). This is usually not the
case because most natural waters have an excess of
34U over U (e.g. Chapter V in Cherdyntsev 1971).

 This is due to the fact that 2*U is produced by -decay

of *®U: when an alpha particle is emitted, the
decaying atom recoils, leading to a weakening of its
lattice position. Dissolution of minerals starts
preferentially at weakened lattice sites, as a
consequence, these solutions are enriched with 2*U.
Alternatively, the recoiled atom can be directly.
ejected from the mineral surface into the solution.

Because - of its long half-life of about 244 ka, the

excess 2>*U activity has to be taken into account:

230
238U .
N 1230 234U

( _ 1)(1 _ e—(lzso“‘j'zu)l)
'1230 - ’1234 mU .

3

where A, is the decay constant of B4y,

2) U-uptake. Most bones and teeth experience U-

uptake after burial, and this has a strong influence on
“dose rate calculations (e.g. Griin 1989). To simplify

calculations, it is convenient to calculate the dose a
tooth has received from a bone that represents a
closed system for U-series (i.e. applying the CSUS-
ESR model of Griin 2000), rather than iteratively
evaluating average dose rates using the p-value
system (Griin et al. 1988). This has the advantage that
the dose calculation becomes independent of the
actual age of the sample. The differences between

.
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CSUS-ESR  and open system p-value dose
calculations are small (see Griin 2000).

We now present the gamma dose calculations for
three cases:

1) Skhul II (Griin et al., in preparation)

2) Mungo 3 (Thome et al. 1999) and

3) Border Cave 5 (Griin et al., 2003)

Skhul Il (partial mandible, partial skull): To
calculate the possible effects of U-dosing of the skull
and shielding of sediment gamma dose by the skull,
the two extreme 2°Th/?*8U values can be used, that of
the dentine of the tooth from Skhul II (Model 1) and
the surface layer of a bone from Skhul IX (Model 2).
Skhul II consist only of a partial mandible and
fragments of the skull (Garrod and Bate 1937, p. 98),
therefore, the overall effect of dosing will be smaller
than calculated for a whole mandible and skull cap.

Model 1: U-series data were evaluated on the
dentine: U(DE) = 60 ppm; 2*U/**U = 1.073 £ 0.003;
BOThP8U = 0.275 = 0.006, resulting in a closed
system U-series age of 32.1 + 0.8 ka and an initial
U230 value of 1.080 + 0.003. The time-averaged
BOT?#U ratio is 0.144 and the 2'Pa/*U ratio is

0.274. The average *U/**U ratio does not have to

be considered as the gamma intensities of »*U are
very small. Assuming that the U-series data apply to
the whole skull, using the values from Tables la and
2a and the dose rate values of Adamiec and Aitken
(1998), total dry gamma doses of 3.73 Gy (p=1.6¢g
cm™) and 5.59 Gy (p = 2.7 g cm™) are obtained.

At the same time, the tooth is shielded by the skull
and mandible from the sediment gamma dose rate
generated by the radioactive isotopes in the sediment,
namely the U and Th decay chains in equilibrium and
K. The average composition of the sediment at Skhul

is 2.00 + 0.68 ppm U, 2.38 + 1.4 ppm Th and 0.45

0.15% K. The total shielded sediment gamma dose in
32.1 kais 1.22 £ 0.30 Gy (p = 1.6 g cm™) and 1.90 +
0.48 Gy (p = 2.7 g cm’). Assuming an age of about
120 ka, the shielded doses are 4.56 = 1.12 and 7.10 +
1.79 Gy for p = 16 g em? and 2.7 g cm?,
respectively. The net effect of the presence of the
skull would lead to corrections of less than 1.6 Gy, or
less than 1.6% on a measured dose value of 98.7 +
7.8 Gy.

Model 2: A bone surface sample from Skhul IX
yielded the hi§hest closed system U-series age with
8.7 ppm U, 2'U/PU = 1.052 + 0.002; Z'Th/*?*U =
0.742 + 0.006, resulting in a closed system U-series
age of 131 + 2 ka and an initial **U/?®U value of
1.075 + 0.002. The time-averaged “*Th/***U ratio is
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0.446 and the *'Pa/**°U ratio is 0.662. Using the
same procedures as above, we obtain total U-doses of
5.55 and 8.53 Gy for densities of 1.6 and 2.7 g cm™,
respectively. The total shielded gamma doses over
131 ka are 498 + 1.22 and 7.75 + 1.95 Gy for
densities of 1.6 and 2.7 g cm>, respectively, requiring
net dose corrections of less than 0.8 Gy.

As mentioned above, because of the fragmentary
nature of the mandible and skull, the overall effect on
a tooth from Skhul II is most probably much less than
1.6 Gy (the higher correction value derived from
model 1).

Mungo 3 (mandible and skull cap): The average U-
concentration in the bone material is 5.5 + .9 ppm,
UAU = 1319 + 0.035 (average of TIMS
measurements on bones); BT/ P80 = 0.610 + 0.067
(average of TIMS and gamma spectrometric

measurements of the bones and skull), resulting ina -

closed system U-series age of 65.6 = 10 ka and an -
initial **U/**U value of 1.384 % 0.035. The time
averaged “*Th/?*U ratio is 0.339 -and the *'Pa/**U-
ratio is 0.461. This results in a gamma dose from the
skull (over the time period.of 65.6 ka) of 1.38 and
2.11 Gy for densities of 1.6 and 2.7 g cm>,
respectively. The average composition of the Mungo

~ sediment is 0.27 + 0.05 ppm U, 0.82 + 0.04 ppm Th

and 0.15 + 0.01% K. The shielded doses for the
same time are 0.57 + 0.16 and 0.90 = 0.5 Gy for
densities of 1.6 and 2.7 g cm®, respectively,
necessitating corrections of less than 1.21 Gy, or
about 4.5% on a measured dose value of 26 + 2 Gy
(the mean EU age would be reduced from 63 to 60

~ ka). This is smaller than the quoted uncertainty of 6

ka for this age determination (Thorne et al. 1999).

Border Cave 5 (mandible only). The age of the

sample has been estimated as 74 ka. The U-
. concentrations in bones in Border Cave are very low,

in the range of 0.2 ppm resulting in a dose rate value

from the mandible of less than 1 pGy a™’. A sediment
. sample in the vicinity of the mandible had a

composition of 2.05 +0.50 ppm U, 10.8 £ 0.2 ppm

Th and 2.87 = 0.10.% K. The mandible shields about .
70.uGy a™* for p=1l6g cm”. The bones from Border

Cave are not mineralised so that calculations for p =.

2.7 g cm™ would be misleading. As a result, the total

dose rate of 2026 Gy a™' would decrease by 3.5 %

and the age of the tooth would increase from about

74 to 77 ka.

Summary

We have calculated the overall effect of uranium
gamma dosing and U, Th, and K shielding of the
environmental dose rate by a human skull on the total
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dose rate received by a tooth. The presence of bones
near a tooth used for ESR dating may influence the
resulting age estimate either way, depending on the
relative balance between uranin in the bones and
radioactive elements on the surrounding sediment,
the ages may either increase or- decrease (see
calculated examples above). As it happens, the net
effect is small for the three real cases presented in
this study (< 5%). The average uranium dose rate
from a whole cap is between about 7 and 14% of the
skull’s IMD (p = 1.6 g cm™ and 2.7 g cm™). The
average shielding of the total environmental dose rate
bya comglete skull is between about 7 and 12% (p =
1.6 g cm™ and 2.7 g cm™). The effect of the presence
of a skull is maximised in cases such as Border Cave,
where the sediment dose rate is high and the uranium
concentrations in the bones is very low. In other
environments, the effect of = increased U-
concentrations in the bones of the skull (which are
usually free of Th and K) is offset by (i)
disequilibrium of the U-decay chains in the bones,
(ii) delayed U-uptake by the bones, and (iii) shielding
of the U, Th and K dose rates from the sediment.

It may be worth mentioning that when applying
Tables 1 and 2, the true errors of any calculation will
be rather large, as the dose rates are critically
dependent on the precise position of the mandible

and skull cap relative to the tooth. In most cases, the -

mandible and skull cap will have separated to some
extent and parts of the bones may be missing (e.g.
-Skhul II). Nevertheless, it is useful to calculate the
overall effect of dosing and shielding to estimate the
magnitude of possible systematic errors.
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Abstract

Red- (RTL) and blue-thermoluminescence (BTL) dating procedures for quartz aliquots were applied to
nine Jomon pottery pieces, which were manufactured and used 3,500-6,000 years ago. Quartz grain extracts from
each piece were measured with respects of both RTL and BTL using a new automated luminescence measuring
system that included a small X-ray irradiator and a single-aliquot regenerative-dose (SAR) protocol. Equivalent
doses from RTL were evaluated to be higher than BTL-doses in most cases. This is due to contamination of feldspar
grains and/or to light-bleaching effects. In a few cases, BTL-quartz constituents have not been detected. The TL-age
results, obtained using the equivalent doses and annual doses, indicated that the RTL-ages are closer to the
predicted archeological ages, giving more reliable results than the BTL-ages. Conclusively, the RTL-dating was
recommended for the quartz extracts from the archaeologically burnt materials in the present experiments, probably
because of the high impurity contents in the quartz grains. Although the existing BTL-dating could be already
applied to the pure quartz grains without much content of impurities, the check of TL-properties, including RTL or

BTL, should be considered prior to the practical TL-dating for burnt quartz fractions.

1 Introduction

The blue-thermoluminescence (BTL) from quartz
grains has been utilized for the TL-dating before the
availability of highly sensitive TL-spectrometry and
photographic observation (Aitken, 1985). In the
beginning of the 1980s, the red-thermoluminescence
(RTL) phenomena have been discovered in addition
to the already well-known BTL phenomena within
quartz grains of the Niigata dune sand after either
natural or artificial exposure of radiation (Hashimoto
et al,, 1986). Subsequently, both the volcanically
originating quartz grains and the artificially burnt
ones were found to offer such RTL properties.
Especially, in both the volcanically originating and
the burnt quartz fractions, RTL measurements are
preferable for dating over a period of 1 Ma
(Hashimoto et al., 1987, 1993, 1999; Miallier et al.,
1994). The causes of the RTL have been investigated
by artificial thermal annealing treatments on some
natural quartz crystals and by synthesizing quartz
glasses with various kinds of impurities along with
the aids of the sol-gel method of silica glass
(Hashimoto et al., 1991, 1997). As a result, the rapid
cooling process after annealing beyond 867°C
(B-quartz/tridymite phase inversion temperature) was

found to be responsible for the RTL properties as
well as the collaboration with the Al-impurity content
beyond 100 ppm (Hashimoto et al., 1994, 1996).

In order to evaluate reliable paleo-doses or
equivalent doses, a single-aliquot regenerative-dose
(SAR) technique has been developed mainly for the
optically stimulated luminescence (OSL)
measurements, in which luminescence-measurement
and irradiation could be repeatedly adopted under the
same geometrical conditions (Wintle and Murray,
2000).

In this study, the RTL and BTL methods
were applied to the evaluation of naturally
accumulated doses (or paleo-doses) for the quartz
extracts from pottery pieces. The SAR-protocol was
employed using a new automated luminescence
measuring system equipped with a small X-ray
irradiator (Hashimoto et al., 2002a,b). The both RTL-
and BTL-ages were determined from the relationship
between the paleo-doses and the annual doses, which
were estimated from the natural radioactivity of the
ambient soil of the buried pottery pieces and crushed
pottery material. The results were compared to each
other as well as with the ages predicted from the
mode of pottery and the stratigraphic viewpoints.


mailto:thashi@curie.sc.niigata-u.ac.jp

86

2 Experimental

2-1 Sample pieces of pottery

Pottery pieces from the Okumiomote site, situated in
the northern district of Niigata, Japan, were used in
this study. Nine pottery pieces were collected,
together with related soil samples from four ruin
sites:  Achiyadaira, Shimozori, Miyasori, and
Motoyashiki areas. From the archaeological view, the
pottery samples were assumed to be manufactured
and used about 3,500-6,000 years ago. During these
periods, almost all pottery surfaces were decorated
with some rope-shaped patterns, so that we called
them Joumon (rope-pattern decorated) pottery. Soil
samples of the sites where the pottery pieces were
excavated were also collected to estimate the annual
doses.

All procedures for the isolation of coarse
quartz grain fractions have been done under the red
light to avoid bleaching effects as low as possible.
The samples were gently crushed in an agate mortar.
Fine soil or clay constituents were washed out with
water to allow relatively heavy and coarse grain parts
to be collected. All grain fractions were treated with
HCl solution. The etching procedure with
concentrated HF for 6 hours followed to remove
surface layer; then the surfaces were washed with
water. After drying, heavy liquid separation
(2.64-2.66 g/cm®) with sodium polytungstate solution
was carried out to purify the quartz fraction. Finally,
quartz grains were sieved into 125-250 pm-sized
particles.

2-2 Thermoluminescence color imaging and
on-line TL-spectrometry
The characteristics of TL-coloration from quartz
extracts were examined with a qualitative
thermoluminescence color image (TLCI) technique
and subsequently with an on-line TL-spectrometry
(Hashimoto et al., 1997a).

Each TLCI was taken in the temperature range
of 80 to 450°C. Because further quantitative
information of detection wavelengths was needed, the
on-line TL-spectrometry was carried out for the grain
samples using a highly sensitive spectrometric system
that included an image-intensifier photo-diode array
(IPDA) detector. Based on both TLCI and
TL-spectrometric results, the combination of optical
filters and photomultiplier tube could be
appropriately selected.

In the practical RTL-measurements, a
photomultiplier tube (PMT, Hamamatsu, R-6495)
with multi-alkali (Na-K-Sb-Cs) photon detection part
was installed together with a filter combination of a
red-glass filter (Toshiba, R-60) and an infrared-cut
filter (Eagle) to reduce blackbody radiation starting
from longer wavelengths. The BTL-measurements
were carried out using a PMT (Hamamatsu, R-585S)
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with  bialkali-photon  sensitive surface and a
blue-glass filter (Toshiba, B-390).  The optical
transmission properties of these filter combinations
are indicated for BTL and RTL measurements in
Figure 1.

100
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Figure 1.

Percentage transmittance as a function of wavelength
for detection of RTL and BTL using optical filter
combinations.

2-3 Luminescence measurements

All of the luminescence measurements were carried
out using a new automated TL/OSL-reader system,
which has been developed for the SAR-method
(Hashimoto et al., 2002a, Fattahi, M. and Stokes, S.,
2000). This system was especially focused on the
RTL-measurements from minerals, which have been
recently expected to provide reliable luminescence
dating from both quartz and feldspar grains (Fattahi
and Stokes, 2003). In the SAR-method, every
luminescence measurement with high sensitivity is
required to fulfill the same conditions as well as in
the case of the artificial irradiation on mineral
samples. The measuring requirement was realized by
using a light guide made of a core rod-type glass pipe
(68 mm length, 11 mm diameter, manufactured by
Nissei Denki Co. Ltd.), inserted between a sample
vessel for luminescence and a PMT-surface. The use
of a glass light guide also helped the elimination of
thermal noise from the heater due to non-thermal
conductivity. The artificial irradiations with the
desirable doses were obtained using a small X-ray
irradiator (Varian, VF-50] tube with W-target, S0kV,
ImA, 50W at maximum operation) instead of a
commonly  available radioactive-source. = The
advantages of this X-ray irradiator include the
availability of variable dose settings by adjusting
both applied voltages and currents of the tube, simple
radiation protection without heavy shielding material,
and uniformity of irradiated areas ascertained also by
Andersen et al. (2003). Additionally, the use of a
cooling fan for heater assembly allowed rapid

800
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recycling TL-measurements (Hashimoto et al., 2002a,
b).

To minimize the influence of black-body
radiation at higher temperature beyond 300°C, we
made the heater area facing the PMT as small as
possible. The heater was constructed by assembling
four pieces of ceramic heater (heating power of
32Wx4) into one stack, which is readily controllable
by a commercially available thermo-control unit
(Okura, ECS5800S). The background counts
accompanied with rising temperature are shown in
Fig. 2 in both cases of RTL and BTL-measurements.
The present RTL-reader reveals an excellent low
noise value (about 20 cps at 300°C), compared with a
reference background of about 75 cps at 300°C
(Fattahi and Stokes, 2000). This means that the
present RTL-measuring system is applicable to the
lower dose-samples, which leads to the possibility of
recent sample dating and/or the necessity of small
amounts of quartz grains for precious samples.

On the basis of preliminary experiments,
the preheating condition after artificial irradiation
was applied for 10 sec at 200°C. The weight of the
measured sample was always fixed to 5 mg.
Additionally, the sensitivity changes associated with
repeated measurement (heating)/irradiation cycles
were confirmed to provide only negligibly small
contributions for both RTL- and BTL-measurements
(Yawata & Hashimoto, 2004). Therefore, the
SAR-method was employed here without any
correction of sensitivity changes.

El

=

=

s

Blackbody radiation / counts

=

Temperature / °C

Figure 2.

Dark counting rate of a blank silver pan on new
automated Iluminescence measuring system. The
photomultiplier tube (PMT, Hamamatsu, R-649S) for
RTL was cooled at -20°C, while the PMT for BTL
(Hamamatsu, R-585S) was employed at room
temperature. Filter combinations are described in
Fig. 1.

2-4 Estimation of annual doses
Whenever the annual dose is evaluated from
measurements of naturally occurring radioactivity for
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dried-soil material, the correction of water content in
the as-received soil was required (Aitken, 1985). To
estimate water contents, we dried the original soil
samples on a hotplate. The heating condition was for
48h at 100°C. The dried soil and crushed pottery
samples were packed into a cylindrical plastic
container (U-8). The samples were subjected to the
y-ray spectrometry using a germanium coaxial p-type
detector connected with a multi-channel analyzer
(EGPC 120-210-R, EURISYS Measures). By
assuming a homogeneous distribution, one can
calculate natural annual doses from the radionuclide
concentrations in the radioactive equilibrium within
uranium and thorium decay chains (Aitken, 1985).
The potassium, uranium, and thorium contents were
determined by the photo-peaks at 1460 keV of K
and at 609 keV of *'*Bi for the U-series, and by the
peak of 583 keV of Tl for the Th-series,
respectively.
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Figure 3.

Contour maps of artificially induced TL from quartz
extracts from pottery pieces. The quartz extracts of
about 10mg were irradiated to X-ray doses of
2.7kGy: (a) No. 5 pottery piece from Achiyadaira, (b)
No. 8 pottery piece from Miyasori.

3 Results and discussion

3-1 TL-spectrometric results

Two typical contour maps are illustrated in Figs. 3(a)
and 3(b). A typical single-RTL peak in the
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red-spectrometric region, consisting of 620nm in
wavelength and around 330°C, could be recognized
in both the contour maps. All other quartz extracts
from the present pottery pieces showed similar
RTL-properties, in which an intense peak appears
around 330-360°C in the red wavelength region of
600-650nm. These RTL-properties of quartz extracts
were excellently concordant with the TL color
images photographed by a color-sensitive film,
although a few quartz extracts showed blue grain
components, probably due to feldspar contamination.
The present result has also confirmed that quartz
extracts from other burnt relics or pottery pieces have
given RTL-properties without almost any exception
(Hashimoto et al., 2001). Additionally, this result
could support the explanation that quartz slices fired
beyond 900°C can change from BTL into RTL,
which is consistent with the RTL-nature of quartz
grains from the volcanic ash layers (Hashimoto et al.,
1996, 1997b). In these pottery pieces, although most
RTL might be attributable to the effects of
archaeological firing, there remains still now some
possibility of contamination of the as-received RTL
quartz grains, which were provided from a
volcanically originating layer into clay minerals as
raw material of the pottery.

In addition to these red-regions of 600-700nm,
the BTL (ranging of 350-500nm), which has been
used appropriately for the TL-dating of quartz
extracts, was also employed for the purpose of
comparison with the present pottery dating.

3-2 Luminescence measurements and dating
results
The changes of both RTL and BTL-glowcurves by
applying the SAR-method are shown in Figs. 4(a)
and 4(b), for quartz extracts from the pottery piece of
Achiyadaira. In the RTL-glowcurves, there exists two
intense peaks around 230°C and 350°C. The former
was induced by artificial X-ray irradiation, because
natural TL (NTL)-glowcurve does not present any
peak in this region. Alternatively, the natural
RTL-glowcurve offered a broad peak in the high
temperature region beyond 300°C. The integration
temperature range was determined from 290°C to
360°C by using plateau tests, consisting of ratios of
ATL (artificial TL)- to NTL-glowcurve as a function
of heating temperature.

On the other hand, the BTL-glowcurves consist
of broad spectra over 200 to 400°C. Such glowcurves
are often observed in the case of thermally annealed
feldspar grains when a preheating procedure was

applied with the similar condition of 200°C for 10 sec.

We assumed that some proportion of feldspar
constituent was contaminated in the quartz extracts.
However, the BTL-integration was done in the high
temperature regions of 340-380°C. A similar
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difference between RTL- and BTL-glowcurves has
been reported by the RTL-dating of quartz from
Quaternary volcanoes by Montret et al. (1992). These
authors also suggested that some contamination of
feldspar  components could be seen in
BTL-glowcurves.
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Figure 4.

Changes of glowcurves of RTL (a) and BTL (b)
associated ~ with  artificial irradiation  doses.
Quartz extracts are obtained from No. 5 pottery
piece.

The RTL- or BTL-values integrated over plateau
regions as a function of regenerative doses brought
on the corresponding response curves as shown in
Figs. 5(a) and 5(b). It was noticed that every response
curve of RTL from SAR-method gave different
gradients from aliquot by aliquot, not only between
different pottery pieces but also within the same piece.
This means that the RTL-sensitivity properties reflect
differently in each quartz grain as well as in each
aliquot. In dose-response curves, the curves often
give supralinear results over regenerative doses of
10-15Gy in many cases, so that the growth curves
were fitted using a polynomial curve.



Ancient TL Vol. 21 No. 2 2003

M NTL
® ATL

T T T T T T T T T
0 2 4 o 8 10 12 14 16

Integrated RTL intensity / counts

Regenerative dose / Gy

3007 o
M NTL
® ATL

v
~

T T T T T T T T
0 2 4 [ 8 10 12 14 6

Integrated BTL intensity / counts

Regenerative dose / Gy

Figure 5.

Luminescence response curves as a function of

regenerative doses. RTL (a) and BTL (b) are
measured for a quartz aliquot from No. 5 pottery.

All results from RTL and BTL dating are
summarized together with annual doses in Table 1.
The experimental errors of equivalent doses are
derived from two to four aliquot analyses. From the
viewpoint of the equivalent doses, all of the
RTL-values are found above 11.6Gy and up to
26.0Gy. On the other hand, the BTL-equivalent doses
estimated usually give lower values than the
RTL-ones. In four samples, no-BTL was detected
even with the highly sensitive luminescence
measuring system in our laboratory. It should be
emphasized here that the quartz fractions from burnt
samples such as pottery pieces tend to give the
RTL-property, probably owing to the thermally
heating process used during the manufacture of such
material. Therefore, the RTL measurements are
recommendable to evaluate accumulated dose.

The annual doses were evaluated from both
crushed pottery pieces and surrounding soil. The
former was used for B-ray contributions, while the
latter was employed for fy-ray contributions by
correcting water content. All annual doses are used to
calculate mean value and standard deviations as
indicated by two asterisks. There appears that two
samples, including B-8 and B-10, differ greatly from
the other pottery pieces. Since the radioactivity
contents in the pottery are apparently dependent on
the clay materials of pottery, these two pieces of
pottery might be tentatively considered to have been

&9

manufactured in a different place from where the
other pottery pieces were made.

The annual doses were utilized to calculate the
TL-ages. The results are presented in the last three
columns, together with ages predicted from the mode
of pottery surface. Very good agreement exists
between RTL-ages and the ones predicted within
experimental errors. In advanced analysis, the authors
are intending to improve RTL-measuring condition
aiming towards the reduction of experimental errors,
using the application of a single grain method
(Yawata and Hashimoto., 2004). There exists a
certain trend of giving shorter ages from BTL, as
expected from the results of equivalent doses, in
which some accumulated doses of BTL could not be
detected. This underestimation of BTL-doses could
arise from several factors, including the relatively
unstable nature of BTL-source in comparison with
the stable nature RTL (Hashimoto et al., 1993),
tendency of BTL to bleach easily during sample
storage, the presence of concomitant feldspar grains
in the purified quartz fraction and so on. In the
extreme case, the absence of BTL might introduce
no-BTL emission in some burnt quartz. In fact, the
BTL in quartz fractions from some volcanic origin
has offered two or three orders lower than the RTL
(Hashimoto et al., 1987).

The dominant presence of RTL-quartz has been
recognized not only in materials of volcanic origin,
but also in archaeologically burnt pottery.
Consequently, the RTL from quartz grains has been
considered a potentially useful dosimeter for the
dating of thermal resetting events, such as
archaeological burning of pottery, porcelain and
stone as well as volcanic eruptions (Montret et al.,
1992, Hashimoto and Fujita, 1999).

4. Conclusions

Most quartz grains extracted from burnt pottery
pieces have shown strong RTL properties. Thus, the
luminescence measurements involving RTL and BTL
are applied to the estimation of the naturally
accumulated doses for the quartz extracts from
archaeologically burnt pottery pieces by applying the
SAR-method.

The ages evaluated from RTL have
revealed values in excellent agreement with the
expected ages, whereas BTL gave relatively lower
values or no-information about ages. Conclusively,
the RTL-dating will be recommended for quartz
extracts from archaeologically burnt pottery.

Some pure quartz grains without so much
impurity, that originated from plutonic rocks, could
be applied generally to the existing BTL-dating. In
fact, Madagascar quartz slices of hydro-thermal
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Pottery pieces mode of Jomon pottery RTL equivalent:BTL equivalent| Annual dose RTLage : BTLage Predicted age
or Jomon stage dose (Gy) ., dose(Gy) (mGyly) (years B.P.*) | (years B.P.) (years B.P.)
A-5 Minamisanjuinaba 13.1 +/-4.0 : 6.3+-14 347 +/-0.11 ] 3800 +/- 1150 : 1800 +/- 410 4000
A-8 Shinbo 17.3 i n.d. 327 +-0.11 | 5300 +/- 180 i n.d. 5000
A-14 KasoriB3 14.7 +/- 2.1 5 13.3 307 +-0.11 | 4600 +/- 670 i 4200 +/- 150 3500
B-8 later period of early stage 11.6+/-3.3 é 4.4 +-22 217 +/-0.10 | 5300 +/- 1520 i 2000 +/- 1000 6000
B-10 middle period of early stage 148 +/-3.5 5 9.3+/-0.8 2,18 +/-0.09 | 6800 +/- 1640 E 4300 +/- 410 6000
B-12 early period of early stage 26.0+/-2.2 5 n.d. 3.69+/-0.12 | 7000 +/- 630 E n.d. 6000
S | s
A-18 later period of late stage | 150+-24 ' 147 344 4-0.11 | 4400 +-710 | 430 +/- 10 5000
e 5 i
A-23 Hanadumikasou 227 +-29 i n.d. 3.00 +~0.11 | 7500 +/- 1000 i n.d. 6000
Motoyashiki E 5
B-18 later period of late stage 122 +/-1.0 i n.d. 317 +/-0.13 | 3800 +/- 360 i n.d. 3500
3.06 +/-0.51 ** n.d. : Not determined
*: B.P. : before present (2000)
** : mean and standard deviation
Table 1.

Comparison of equivalent doses and luminescence ages for pottery pieces using RTL- and BTL-measurements of

quartz extracts.

origin showed that some parts retain BTL-properties
while some parts with high Al-impurity changed
from BTL- into RTL-properties after annealing at a
high temperature beyond 900°C (Hashimoto et al.,
1996, 1997b). In all cases, the accurate TL-dating of
archaeologically burnt materials should be carried out
after judging whether TL-properties of quartz extracts
are RTL or BTL.
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Introduction

In optical dating, before one can actually determine
an age, the sample must go through several processes
of washing, drying and grain selection that take
considerable time. It sometimes happens that the
sample collected has an optical age very much larger
than expected. This can happen for example if
sampling had yielded material from below a sand
dune rather than from the dune itself as intended; it
would also occur if the sample desired was obtained,
but was not bleached before burial. The purpose of
the experiment described below was to determine
whether or not a useful preliminary estimation of a
sample's equivalent dose and age could be obtained
quickly. Raw sand was used for the aliquots, which
were measured, given a radiation dose, heated,
measured once more, and the equivalent dose
estimated. It is found that this method can save grain
preparation time and effort if a sample is not what it
is thought to be, and may replace the usual pilot
experiment to determine the appropriate radiation
doses to give prepared grains for optical dating.

Experimental procedure

Twenty samples were chosen from our collection to
test the method on a wide range of D4's. For each, an
equivalent dose and optical age has been obtained
using a standard multiple aliquot method on
separated K-feldspar grains in a particular size range.
For each sample, raw sediment was taken from the
original sample to fill three planchets. This means no
removal of carbonates, no grain size selection, no
magnetic separation, no density separation, no
drying. To stick the grains to the planchets, we put a
few drops of a thermoplastic polymer (Crystalbond")
dissolved in acetone in each planchet, put the raw
sediment in and covered the grains with more of this
"glue". Then all planchets were heated at 50 °C for an
hour so that the acetone would evaporate and the
polymer would harden. Except where indicated
otherwise, all samples are sand.

! Crystalbond 509: Aremco Products Inc., P.O. Box
517, 707-B Executive Blvd., Valley Cottage, N.Y.
10989, U.S.A.

1.4 eV (infrared) light from light-emitting diodes
(LED's) were used for excitation, and the emission
was measured using a Thorn-EMI  9635Q
photomultiplier tube and photon-counting electronics.
Schott BG-39 and Kopp 5-57 filters were placed in
front of the tube to absorb infrared light and to pass
the violet emission that is characteristic of K-
feldspars.

A first measurement was done on the natural aliquots;
the excitation lasted five seconds during which the
emission decreased by ~7 %. Then radiation doses of
~60 Gy were given, this dose being chosen to be
about twice the largest expected D.q. All aliquots
were then heated at 120°C for 16 hours and measured
promptly after cooling, using the same conditions as
for the first measurement.

Results
For each aliquot, a linear dose response was assumed

and the equivalent dose calculated as:

natural count

D, =lab.radiation dose x
dose count — natural count

where the natural count is the sum of the photon
counts (minus background counts) from the first
measurement, and the dose count is the sum of the
photon counts (minus background counts) from the
second measurement.

Comparisons of the equivalent doses estimated this
way with those obtained earlier using a standard
multiple aliquot method are given in Fig.1 and Table
1. We also wanted to see how good an estimate of the
age can be obtained by this method, and to this end
have calculated an estimated age using an effective
dose rate of 2 Gy/ka. Comparison of these ages with
the ages obtained previously with the standard
method is shown in Table 1.

Discussion

Fig.1 gives evidence of the validity of the raw sand
method in estimating equivalent doses. For samples
over ~300 years old the estimated values are within a
factor of two of the known D.g's. Differences are
expected to be caused by a variety of effects,
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Sample Equivalent dose (Gy) Age (ka)
multiple aliquot estimated multiple aliquot estimated

SAWO03-03 0.00+0.11 0.48 0.000 £ 0.036 0.2
BUCTS5-1 0.01 £ 0.08 0.12 0.005 £ 0.030 0.06
SAW03-02 0.06 +0.15 0.23 0.021 £ 0.053 0.1
SNO2 0.08 +0.01 0.09 0.050 £ 0.007 0.04
SAWO01-12 0.30+0.04 0.22 0.14 £ 0.02 0.11
SAW03-04 0.37+0.10 1.19 0.161 £ 0.047 0.6
1C5-02 0.62 +0.05 1.37 0.260 £ 0.026 0.68
SAWO03-01 0.87£0.10 1.22 0.329 £ 0.046 0.6
CBTS2 2.09£0.13 1.7 1.285 £ 0.095 0.84
BUCTI1-1 2.32+£0.08 2.4 0.765 +0.045 1.2
SNH3 3.15+0.04 4.5 2.08 £ 0.09 2.3
SAWO01-06 3.24 +£0.08 24 1.66 + 0.08 1.2
SN27 7.13+0.14 8.4 547+0.24 4.2
1C4-01 10.8 £0.8 13.5 4.54+£0.42 6.8
SW6-01 10.9+0.3 12.9 4.19+£0.20 6.5
LCP5 (peat) 18.8+0.5 18.7 31.2+2.6 37
SAWO01-27 25.5+0.7 27.8 15.05+£0.97 14
CCL2 (loess) 28.9+2.1 23.4 11+1 12
DY24 36.3+£1.2 74 147+13 37
SAWO01-16 in saturation in saturation

Table 1.

Comparison of the estimates of equivalent doses and ages using the method described here, with those obtained
using a conventional multiple aliquot method. Estimated equivalent doses were determined for three aliquots for
each sample and the average taken. Estimated ages were deduced from them assuming the effective equivalent dose
rate to be 2 Gy/ka, except for LCP5, a peat, for which 0.5 Gy/ka was assumed.
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Figurel.
Comparison of estimated and previously determined
equivalent doses.

including the variety of grain sizes, the possible
presence of minerals other than K-feldspar
responding to 1.4 eV excitation, the draining during
the first measurement, and some shallow traps being
emptied by the heating before the second
measurement but not before the first.

In cases where the estimated equivalent dose is
similar to that obtained using the standard method,
the age obtained using the assumed effective dose
rate is generally also reasonable. Hence, if the
estimated age is very much higher than expected, it
can indicate a lack of exposure to sunlight prior to
burial or that the sediment being dated does not
correspond to the event for which the dating is
intended. The latter could also explain an estimated
age much lower than expected. Both situations show
the advantages of using this method before starting to
prepare a sample for serious dating. In addition,
saturation of the traps is very well detected with the
method (see SAWO0I1-16); here the dose count is
similar to the natural count. Knowing all this, one
will not waste time and effort preparing the sediment
to find out only later that it cannot be dated.
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If one used a shorter, higher-temperature heating and
larger dose rate than we used, one could get results
within a single day.

The method may be useful for some samples older
than those reported on here, but the non-linear dose
response will introduce an increasingly large error. It
may be possible to modify the equation for D, to
allow for this but this is speculation and requires
further experimentation.

Li and Wintle (1994) and Lian and Huntley (1999)
earlier sought to extract chronological information
from unseparated sediments and appear to have been
successful with their different objectives. The
experiment of Li and Wintle was similar to ours, but
they used a UV exposure instead of the y-radiation
dose, thus they did not obtain D, estimates. They
then measured the response to a dose and suggested
a method of obtaining D, estimates that deals with
the non-linear response at high doses.
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Georges VALLADAS
(January 1920 — February 2004)

Georges VALLADAS was born into a very modest
family, a situation which limited his educational
opportunities. Nevertheless, at the age of 17 he
entered the prestigious laboratory of Paul Langevin in
College de France as a technician. While there he was
able to pursue his studies and obtain an engineering
degree.

At the end of the second world war, he was one of the
first engineers recruited by the new CEA (French
Atomic Energy Commission) in 1946. The
Commission was responsible for the construction of
the first French Atomic Reactor, Zoe, and later for
the development of nuclear research, both
fundamental and applied. Georges’ first task was to
design and construct boron fluoride ionization
chambers to measure the neutron flux near the core of
Zoe. These chambers monitored the start of the
reactor on December 15, 1948.

Soon after, Georges became interested in
fundamental physics and moved into the Nuclear
Physics Department where he developed an
impulsion ionization chamber designed to study the
alpha fine structure of some heavy nuclei. In 1954, he
defended his Ph.D. dissertation on the spectrometry
of alpha rays and its applications. He briefly left
France in 1956 to work in Liverpool, at the synchro-
cyclotron Laboratory, and, subsequently stayed a
number of times at the CERN Laboratory in Geneva
to develop detectors in the very high energy range.

In 1972, he joined the Centre des Faibles
Radioactivités in Gif/Yvette, near Paris. A that time,
as there were no commercial TL readers, Georges
designed and built his own TL readers of high
performance, accuracy and sensitivity for multiple

grain studies. He also developed a special equipment
dedicated to single grain measurements. Some of his
apparatus is still being used in the Gif Laboratory.
Busy as he was with his own research Georges
nevertheless found time to offer advice, plans, and
even complete equipment for others. Quite a few TL
laboratories in France (Univ. Paris VI, Clermont-
Ferrand, Fontenay-aux-Roses, Strasbourg...), whether
in the field of Archeological or Geological Dating, or
in the field of Radioprotection benefited from his
help.

Not content with building the equipment Georges
pursued miscellaneous dosimetric studies and
applications of TL. He became interested in the
dating of meteorites, lunar samples and volcanic
activity. He and G. Guérin got around the problem of
anomalous fading in feldspars, by measuring the high
temperature (>600 °C) TL emission of plagioclases.
He also worked on quartz samples which enabled him
to date the Laschamp lava flow (Chaine-des-Puys),
contemporaneous with the terrestrial magnetic field
excursion of the same name.

During the two decades preceding his retirement,
Georges became interested in the TL dating of
Palaeolithic and developed a protocol which allowed
for burnt flints from prehistoric hearths to provide
dates for sites beyond the reach of radiocarbon
techniques. Burnt flints from several key-sites have
yielded ages which have radically modified the
accepted chronology for the presence of Neanderthal
and Moderns Humans in the Near East and Europe.

Georges Valladas maintained full scientific activity
well beyond retirement age, until health problems
forced him to slow down in 1995. His long
professional life has been the life of a very talented
physicist, a builder of high quality equipment, a great
experimentalist. In recognition of his work he was
awarded the Silver Medal of CNRS. He was held in
great esteem internationally, particularly in the small
world of Thermoluminescence, where he was ranked
among the pioneers of TL Dating.

As a scientist, Georges was a hardworking person
noted for his helpfulness, generosity, modesty, and
unselfish devotion to Science.

Raphaél Visocekas
Jean Fain

Didier Miallier
Gilles Guérin
Norbert Mercier
Serge Sanzelle
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Thesis title: An investigation into the
physics of the infrared excited luminescence
of irradiated feldspars

Author: Michael Anthony Short
Grade: Ph.D.
Date: January 2003

Supervisor: D. Huntley
University: Simon Fraser

Infrared excitation of irradiated feldspars produces a
luminescence glow in one or more broad emission
bands. The processes are poorly understood, but they
are suspected to occur in lattice defects, although
their general identity is unknown. This thesis is about
trying to understand more about the physics of these
processes. I found the emission intensity increased as
the temperature was increased above 20 C for
emission bands with peak intensities at wavelengths
around 330, 400 and 570 nm, but the rate of increase
dropped off for some samples as the temperature was
increased over 80 C. These results were interpreted as
being due to the excitation of different vibrational
modes of the feldspar structure. The rate of decay in
the emission intensity of one sample was independent
of temperature. The latter was clear evidence against
a model where charge is excited from a trap by a
combination of both optical and thermal excitation.
The emission intensities of some emission bands
were dependent on the polarization of the infrared
exciting light, and the emission itself was polarized
in some cases. These results were explained by
dipolar transitions occurring within unknown defect
centres located at either the T1, M or OD lattice sites.
This explanation was supported by studies on
transitions within Fe+3 ions occupying known lattice
sites. I also found that there was a small
photoconductivity with green light excitation, but no
measurable effect with infrared excitation. However I
could not rule out the possibility that charge was
excited to delocalised bands in both cases. A model is
proposed to explain these results with one basic type
of electron trap which is excited by the infrared light.
The excited electron can either tunnel through to a
recombination centre or it can be thermally excited to
the conduction band or to a state just below the
conduction band. Anion defects are shown to be
possible centres for the traps. Changes in the fraction
of electrons that tunnel to the recombination centres,
and electron spin interactions are proposed as
additional mechanisms that may also have some
effect on the changes in emission intensity with
temperature.

(Due to an editing mistake a wrong text was
associated to the thesis abstract by M.A. Short in
Ancient TL 21No.1).

Thesis title: Contribution of luminescence
dating to the chronology of Middle Stone
Age techno-complexes associated with the
first South African modern humans.

Author: Chantal Tribolo
Grade: Ph.D.
Date: October 2003

Supervisors: N. Mercier, J. -J. Hublin
University: . Bordeaux I

Key words: Middle Stone Age, Howieson's Poort,
Still Bay, modern Humans, South Africa, TL/OSL,
burnt quartzites and silcretes

Thesis available on line (pdf file)

http://147.210.235.3/proprietes.html?numero_ordre=
2725

The chronology of the evolution of anatomically
modern human behaviour is a highly controversial
subject. One would like to know if some behaviours
considered typical of the Late Stone Age (LSA)
appeared during that period, or much earlier during
the Middle Stone Age (MSA). Two techno-
complexes of the South African MSA, the
Howieson’s Poort and the Still Bay, are particularly
relevant to this question since some of the stone tools
are typical of the MSA period whereas others have
characteristics usually associated with the LSA
“modermn” behaviour, like standardisation and choice
of exotic materials. Stratigraphic observations as well
as prior dating work have shown that these two
techno-complexes originated well within the MSA.
However, more precise chronology was lacking. The
aim of the work summarised here was to refine this
chronology by applying luminescence dating
methods to burnt stones selected from three South
African MSA sites: Blombos Cave, Diepkloof Rock
Shelter and Klasies River. The stones were quartzites
and silcretes both rich in quartz grains.

To determine the equivalent dose (Ed), the
thermoluminescence (TL) as well as the optically
stimulated luminescence (OSL) techniques were
used, with respectively, a multiple aliquot additive
and regenerative protocol and the single aliquot
regenerative-dose protocol. It was observed that the
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OSL signal was bleached if the stones were not
protected from light as soon as discovered, even if
they looked opaque to the eye. However, bleaching
experiment indicated that the TL signal was still
usable for the determination of the Ed and for some
samples, linearly modulated OSL proved most
suitable.

The external dose rate was measured by CaSO,
dosimeters and the state of disequilibrium of the
Uranium chain in the sediment samples determined

by high resolution gamma spectrometry. In the case

of Diepkloof Rock Shelter, the high spatial variation
of the gamma dose rate precluded a precise
calculation of the age. However, a preliminary
interval was derived from the highest and lowest
possible dose rates.

For the internal dose rate calculation, a model
analogous to the one used for sediment dating was
selected after an assumption of homogeneous
distribution outside the quartz grains. The dose rate
was calculated for each sample by combining the
mean concentration of the radioisotopes, measured by
the neutron activation technique, and the size
distribution of the quartz grains in each stone,
deduced from an image analysis of thin sections.
For the Howieson's Poort layers at Diepkloof Rock
Shelter a preliminary age-estimate of 55-65 ka was
calculated. At Klasies River 13 age estimates
averaging 56+-3 ka were obtained for the Howieson's
Poort sequence, in good agreement with TL/OSL and
ESR estimates for the same stratum. These new
results, however, contradict certain hypotheses
derived from palacoenvironmental studies. At
Blombos Cave, five lithic specimens yielded an
average age of 74+-5 ka for the Still Bay level. This
estimate is in good agreement with OSL and ESR
results. It confirms that the Still Bay complex is older
than the Howieson's Poort and sets back the
beginnings of certain practices such as the use of
symbols and work of bone to at least the isotopic
stage 5.

Thesis title: Luminescence investigations
and dating of anthropogenic palaeosols from

South Mainland Shetland

Author: Christopher Ian Burbidge
Grade: PhD

Date: September 2003

Supervisors: Dr G.A.T. Duller, Prof R.A.
Dodgshon; examiners: Prof I.K. Bailiff, Dr
A.P. Rowlands

University: University of Wales
Aberystwyth
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This thesis aims to produce a chronostratigraphy of
agricultural activity and sedimentary accumulation at
two archaeological sites in the Shetland Islands, by
directly dating the infield sediments associated with
the sites. Optically stimulated luminescence (OSL)
dating of a large number of samples, from often
inhomogeneous sediments expected to have been
subject to post-depositional mixing, is described. The
samples were collected at high spatial resolution both
vertically through sections, and horizontally within
layers, to assess the consistency of results at different
scales.

A novel approach to in situ environmental dose rate
determination was pursued, using aluminium oxide
dosimeters to measure the combined beta, gamma
and cosmic radiation fields at the points of sampling.
This yielded rapid and accurate measurements of
environmental dose rate for the large numbers of
samples taken from inhomogeneous dose rate
environments.

Detailed investigation of the luminescence behaviour
of quartz separates from a limited number of samples
was used to optimise measurement conditions within
the single aliquot regeneration (SAR) protocol. These
optimised conditions were used in a simplified
measurement protocol based on a standardised
growth curve, which enabled the measurement of
equivalent dose (D,) distributions for small aliquots
from large numbers of samples. A novel approach to
direct assessment of error on the D, was applied.

The observed D, distributions were analysed using a
model selection approach. Most distributions were
found to be consistent with simpler representations
than expected. However, the results from some
samples indicated the presence of multiple
populations in the data. Ages calculated from these
results were used to assess different components in
some of the archaeological deposits. However, their
occurrence was not strongly associated with evidence
for tilling of the soils or bioturbation.

Chronostratigraphies were established for both the
infield deposits at Old Scatness Broch and the
Sumburgh Hotel Gardens site using dates from 66
samples. The infield at Old Scatness contained soils,
middens, and sands accumulated between the
Bronze-Iron Age transition (~300 BC) and the 20®
century. The Sumburgh Hotel Gardens site contained
occupation deposits, sand and soils, mainly dating to
the Early Bronze Age (~1500 BC). Quantitative
estimates were made of the anthropogenic input to
the soils at Old Scatness during the Iron Age.
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Martin Aitken

Doctoris Honoris Causa of the University
Blaise Pascal (Clermont-Ferrand, France, 15
October 2003)

Introductory talk by Jean Fain

I am honoured to present Professor Martin Aitken as
Doctoris Honoris Causa of the University Blaise
Pascal.

His initial career was in Nuclear Physics following a
first degree in Physics at Oxford University. After
completing his D.Phil. in 1954 and several years of
research using an electron synchrotron he interested
himself in applications of magnetism to archaeology
especially in the use of a portable proton
magnetometer for detecting buried pottery kilns and
other archaeological remains.

In 1957 MA became Deputy Director of the Research
Laboratory for Archaeology and the History of Art
(RLAHA), Oxford, a position he held until his
retirement in 1989. The aims of this laboratory
focussed on applications of ‘'hard sciences' to
archaeology following the recent emergence of
radiocarbon dating. The word 'Archaeometry’ was
coined as the title for this activity jointly by MA and
the then professor of archaeology at Oxford,
Christopher Hawkes; it was also to become the title
of a periodical that was launched by MA in 1958
which is to-day essential study for all those who
work in the field.

At the beginning of the sixties MA involved himseif
and his students inthe development of
thermoluminescence dating (TL), in the first place in
application to pottery; this had been tried
unsuccessfully by a physicist in California a year or

two before. Notably he found a way of suppressing
'spurious TL' and after taking account of radiation
dosimetry the first actual dating results were
published in the journal Nature in 1968. This new
absolute technique eventually showed itself to be
highly fruitful and during the seventies it was applied
to a number of different approaches adapted to
various situations. The Oxford Laboratory was the
seedbed for a number of researchers who then started
their own teams not only in UK but also in Europe,
Australia, north America, India and elsewhere. In
1978 the first international congress on TL dating
took place at Oxford; thereafter it became a regular
meeting every two, then three years at various
laboratories around the world, including also the
technique of ESR dating with which it had the
common concern of radiation dosimetry.

In 1978 the Oxford Laboratory successfully applied
the TL technique to dating volcanic events; this was
in collaboration with vulcanologists from the
University Blaise Pascal as well as Norbert
Bonhommet from Rennes. An age of 26000 years
was obtained for sediments heated by the lava flow
at Royat and 8500 years for the lava flow at
St.Saturnin, both near to Clermont Ferrand; later
more direct application to various lava flows was
shown to be possible by Georges Valladas, Pierre-
Yves Gillot and Gilles Guérin at the CEA-CNRS
laboratory at Gif-sur-Y vette.

In the meantime Russian researchers showed that TL
dating could be extended to windblown sediments
and this was followed by the Simon Fraser
laboratory in Canada which showed that the event
dated was the last exposure of the sediment to
sunlight; this laboratory also invented the associated
technique of Optically Stimulated Luminescence
(OSL) giving rise to a new domain of application
which literally exploded during the eighties. All of
this stemmed from the initial work at MA's Oxford
Laboratory; at the same time MA devoted much
effort to studies in archeomagnetism and
palacomagnetism and this was in part the stimulation
for his visits to the Auvergne.

In 1980 a research group at the Laboratoire de
Physique Corpusculaire of the University Blaise
Pascal, which had previously acquired some
expertise in application of TL to physics, began to
use the method for dating. Very rapidly contacts,
then collaborations, were linked to the Oxford
Laboratory; I do indeed remember my visits to the
laboratory, at 6 Keble Road, which was housed in a
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domestic house rather than a  purpose-built
laboratory; access to the four floors was by means of
crooked stairs which became more tortuous with
increasing altitude! However I have mainly the
memory of the warm and enriching welcome that we
always received from Martin, his colleagues and
students.

In the years following, collaboration with the
RLAHA were extensive as, for example, on the
controversial site of Glozel where Oxford carried on
the important work initiated by the late Vagn Mejdahl
in Denmark; there was also mutual participation in
the examination of doctoral theses. During the
international meeting at Cambridge in 1987 MA
suggested that the next could be held in Clermont-
Ferrand and this took place in 1990. MA is also a
member of the Editorial Board of the international
newsletter Ancient TL which is presently edited by
the Clermont TL group following its founding in
St.Louis by the late David Zimmerman and
subsequent editing at Durham (UK).

Promoted Professor of Archacometry at Oxford
University in 1985 MA is also the author of several
scientific books devoted to dating techniques
especially that on TL dating, which is still the 'bible’
in the field. He was honoured for his scientific
achievements by the Gemant Award of the American
Physical Institute and the award of the Pomerance
Medal of the Archaeological Institute of America. In
April last year on the occasion of his 80th birthday
friends and colleagues of Martin gathered together in
Clermont-Ferrand for a very interesting two days of
scientific discussion.

Martin and his wife Joan have visited France many
times over the course of years, interesting
themselves particularly in local vineyards, and they
finally decided to retire in the middle mountains not
far from Clermont; we are very proud and honoured
by this choice. I shall not forget to associate Madame
Aitken with this ceremony; alas her state of health
does not permit her attendance. Thus not only do we
welcome in Clermont to-day, at the Université Blaise
Pascal, a well-known researcher but also someone
who is deeply attached to our region.
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Meeting announcement

We would like to announce the 3rd New World Luminescence Dating Workshop, which will
take place at Dalhousie University, Halifax, Nova Scotia, Canada, 4 to 7th of July, 2004. The
meeting should be of interest to luminescence dating specialists, geomorphologists, Quaternary
geologists, archaeologists, and museum researchers. We are currently seeking funding to offset
partial travel costs for students presenting papers.

Interested parties should contact the technical co-host, Mrs. P. Scallion, pscallio@dal.ca, with a
request to be added to the mailing list for the first call for abstracts, which will be sent before the
end of 2003.

Please forward this message to others who may find it of interest, with apologies for any future
cross-listings.



