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_____________________________________________________________________________________________
If the µi are all equal, then G will be from a χ 2
In optical dating (and in other dating methods) it is
distribution with n − 1 degrees of freedom. If the µi
often required to compare age estimates, or
differ then G will tend to be larger.
equivalent dose estimates, for a number of single
grains or aliquots. Typically each estimate has a
So the test is to calculate G and hence calculate the
different and (hopefully) known precision, which
“P-value”, which is the probability that a random
needs to be taken into account. A useful graphical
method in this situation is the radial plot (Galbraith,
value from the χ 2 distribution with n − 1 degrees of
1988; Galbraith et al., 1999) in which standardised
freedom is greater than G . A significantly small Pestimates are plotted against the reciprocals of their
value, with the usual conventions (e.g., less than 0.05
standard errors. One feature of this plot is that a set of
or 0.01), provides evidence that the µi are not all
estimates that agree with each other, within error, will
equal.
scatter homoscedastically, with unit standard
deviation, about a line through the origin. This gives
It is worth noting immediately that a significant Pa visual assessment of which estimates are consistent
value can also arise if the standard errors σ i are not
with a common age or dose.
correct, particularly if they under-estimate of the true
Often such a visual assessment will be sufficient, but
standard errors. This possibility should be borne in
sometimes it may be useful to assess more formally
mind in practice. To put it another way, one is really
whether several estimates are consistent with a
assessing whether the observed variation in zi is
common value. This note points out that there are
consistent with what would be expected from the
standard statistical tests available for this purpose.
given σ i alone.
Homogeneity test
Suppose that we have n independent estimates
z1 , z2 ,…, zn with standard errors σ 1 , σ 2 ,…, σ n . Let µi
denote the expected value of zi , so we can regard zi
as an observation from a distribution with mean µi
and standard deviation σ i . We wish to test the null
hypothesis that µi = µ , a common (but unknown)
value for each i .
There is a standard test based on the assumption that
zi is from a Normal distribution. In this case, the
maximum likelihood estimate of µ (under the null
hypothesis) is the weighted mean

∑
µˆ =
∑

n

i =1
n

wi zi

i =1

wi

where wi =

and the homogeneity test statistic is
n

G = ∑ wi ( zi − µˆ ) 2 .
i =1

1

σ i2

Relation with radial plots
The above test can be interpreted in terms of a radial
plot, where yi = zi /σ i is plotted against xi = 1/σ i .
The estimate of µ can be written equivalently as

∑
µˆ =
∑

n

i =1
n

xi yi

i =1

xi2

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

G = ∑ ( yi − µˆ xi ) 2
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
yi = ( zi − z0 )/σ i for some convenient z0 , 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 zi be the
dose estimate (in Gy), or we could let zi be the
natural log of the dose estimate. Because the test
assumes that zi is from a Normal distribution, the
latter choice may often be preferred. In this case, σ i
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.

freedom. Hence the P-value is approximately 0.004
(the probability that a value from χ 2 (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 z0 = µˆ = 3.7737 , so the
horizontal radius corresponds to e 3.7737 = 43.5 Gy.

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

Palaeodose (Gy)

Log palaeodose

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

5.2

3.8630

0.1087

1 105

44.2

5.9

3.7887

0.1330

1 107

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 palaeodose estimates. Indeed, the standard
errors of these were obtained directly from the OSL
photon counts, while the standard errors of the
palaeodoses were derived from them — e.g., for
grain 19, as 30.1× 0.1607 = 4.8 .
The reader may verify that, from the above formulae,
µˆ = 3.7737 and G = 19.10 , with 6 degrees of

Figure 1.
Radial plot (log scale) of the palaeodose estimates in
Table 1.
Galbraith et al. (1999) used these data to illustrate the
calculations for the central age model. The overdispersion parameter σ was estimated to be 0.1724,
with standard error 0.0694, suggesting, in particular,
that σ 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 n is large and the µi do not vary greatly. That
is, moderate heterogeneity of the µi 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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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 867oC
(β-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 RTLand 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.
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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/cm3) with sodium polytungstate solution
was carried out to purify the quartz fraction. Finally,
quartz grains were sieved into 125-250 µm-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 450oC. 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-649S)
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.

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-50J tube with W-target, 50kV,
1mA, 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
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recycling TL-measurements (Hashimoto et al., 2002a,
b).
To minimize the influence of black-body
radiation at higher temperature beyond 300oC, 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, EC5800S). 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 300oC), compared with a
reference background of about 75 cps at 300oC
(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 200oC. 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.

Figure 2.
Dark counting rate of a blank silver pan on new
automated luminescence measuring system. The
photomultiplier tube (PMT, Hamamatsu, R-649S) for
RTL was cooled at -20oC, 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 100oC. The dried soil and crushed pottery
samples were packed into a cylindrical plastic
container (U-8). The samples were subjected to the
γ-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 40K
and at 609 keV of 214Bi for the U-series, and by the
peak of 583 keV of 208Tl for the Th-series,
respectively.

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 330oC, 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 330-360oC 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 900oC 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 230oC and 350oC. 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 300oC. The integration
temperature range was determined from 290oC to
360oC 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 400oC. Such glowcurves
are often observed in the case of thermally annealed
feldspar grains when a preheating procedure was
applied with the similar condition of 200oC 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 340-380oC. 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.

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.
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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 β-ray contributions, while the
latter was employed for γ-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
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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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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 900oC (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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optical dating of K-feldspar
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1.4 eV (infrared) light from light-emitting diodes
Introduction
In optical dating, before one can actually determine
(LED's) were used for excitation, and the emission
an age, the sample must go through several processes
was measured using a Thorn-EMI 9635Q
of washing, drying and grain selection that take
photomultiplier tube and photon-counting electronics.
considerable time. It sometimes happens that the
Schott BG-39 and Kopp 5-57 filters were placed in
sample collected has an optical age very much larger
front of the tube to absorb infrared light and to pass
than expected. This can happen for example if
the violet emission that is characteristic of Ksampling had yielded material from below a sand
feldspars.
dune rather than from the dune itself as intended; it
A first measurement was done on the natural aliquots;
would also occur if the sample desired was obtained,
the excitation lasted five seconds during which the
but was not bleached before burial. The purpose of
emission decreased by ~7 %. Then radiation doses of
the experiment described below was to determine
~60 Gy were given, this dose being chosen to be
whether or not a useful preliminary estimation of a
about twice the largest expected Deq. All aliquots
sample's equivalent dose and age could be obtained
were then heated at 120°C for 16 hours and measured
quickly. Raw sand was used for the aliquots, which
promptly after cooling, using the same conditions as
were measured, given a radiation dose, heated,
for the first measurement.
measured once more, and the equivalent dose
estimated. It is found that this method can save grain
Results
For each aliquot, a linear dose response was assumed
preparation time and effort if a sample is not what it
and the equivalent dose calculated as:
is thought to be, and may replace the usual pilot
experiment to determine the appropriate radiation
natural count
doses to give prepared grains for optical dating.
D eq = lab. radiation dose ×

Experimental procedure
Twenty samples were chosen from our collection to
test the method on a wide range of Deq'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 (Crystalbond1)
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.
1

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

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 Deq's. Differences are
expected to be caused by a variety of effects,
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Sample
SAW03-03
BUCT5-1
SAW03-02
SNO2
SAW01-12

Equivalent dose (Gy)
multiple aliquot
estimated
0.48
0.00 ± 0.11
0.12
0.01 ± 0.08
0.23
0.06 ± 0.15
0.09
0.08 ± 0.01
0.22
0.30 ± 0.04

Age (ka)
multiple aliquot
0.000 ± 0.036
0.005 ± 0.030
0.021 ± 0.053
0.050 ± 0.007
0.14 ± 0.02

estimated
0.2
0.06
0.1
0.04
0.11

SAW03-04
IC5-02
SAW03-01
CBTS2
BUCT1-1

0.37 ± 0.10
0.62 ± 0.05
0.87 ± 0.10
2.09 ± 0.13
2.32 ± 0.08

1.19
1.37
1.22
1.7
2.4

0.161 ± 0.047
0.260 ± 0.026
0.329 ± 0.046
1.285 ± 0.095
0.765 ± 0.045

0.6
0.68
0.6
0.84
1.2

SNH3
SAW01-06
SN27
IC4-01
SW6-01

3.15 ± 0.04
3.24 ± 0.08
7.13 ± 0.14
10.8 ± 0.8
10.9 ± 0.3

4.5
2.4
8.4
13.5
12.9

2.08 ± 0.09
1.66 ± 0.08
5.47 ± 0.24
4.54 ± 0.42
4.19 ± 0.20

2.3
1.2
4.2
6.8
6.5

LCP5 (peat)
SAW01-27
CCL2 (loess)
DY24
SAW01-16

18.8 ± 0.5
25.5 ± 0.7
28.9 ± 2.1
36.3 ± 1.2
in saturation

18.7
27.8
23.4
74
in saturation

31.2 ± 2.6
15.05 ± 0.97
11 ± 1
14.7 ± 1.3

37
14
12
37

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.

Figure1.
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 SAW01-16); 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 Deq 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 γ-radiation
dose, thus they did not obtain Deq estimates. They
then measured the response to a dose and suggested
a method of obtaining Deq estimates that deals with
the non-linear response at high doses.
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Obituary
_____________________________________________________________________________
grain studies. He also developed a special equipment
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 synchrocyclotron 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

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, ClermontFerrand, 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 (Chaîne-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.
Raphaël Visocekas
Jean Faïn
Didier Miallier
Gilles Guérin
Norbert Mercier
Serge Sanzelle
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