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Abstract 
Boreholes drilled in 8 different rocks situated in the 
vicinity of the Clermont TL laboratory have been 
used for testing and calibrating methods devoted to 
measurement of natural radioactivity. The present 
paper gives updated data for the nuclide contents and 
internal dose rates for those reference media. Two 
examples of applicat ion are presented. The first 
example shows dose rate calibration of a scintillator 
gamma probe using a threshold method. The second 
example shows a routine technique for TL dosimetry, 
based on the rocks for dose rate reference. 
 
Introduction 
Various experiments aimed at testing or calibrating 
techniques devoted to the measurement of natural 
gamma and X-ray emissions necessitate reference 
homogeneous media of well known radioactivity. For 
this purpose, the Clermont TL group (Clermont-
Ferrand, France) has been using natural rocks for 
many years (Sanzelle et al., 1988; Miallier et al., 
1988; Soumana et al., 1994).  Th is approach has also 
been adopted by other luminescence dating groups 
(Prescott and Hutton, 1988). The use of rocks is an 
alternative to built blocks such as those prepared at 
Oxford University with doped concrete (Murray, 
1982; Aitken, 1985) or those made of building bricks 
available in different laboratories (e.g. Gif-sur-Yvette  
and Bordeaux).  One advantage of natural rocks is 
that they can easily provide homogeneous media, 
large enough to represent an infinite volume from the 
point of view of natural gamma emissions. This is 
particularly the case for lava flows, which, moreover, 
are numerous in the vicinity of Clermont-Ferrand. In  
contrast, the laboratory blocks have generally  
dimensions lower than the maximal range of the most 
energetic natural gamma rays. For instance, the cubic 
Oxford blocks (side = 50 cm) have a thickness (50 
g.cm-2) which is only equal to around two mean free 
paths for the 2.61 MeV photons emitted by 208Tl.  

Additionally, it is suspected that the Oxford blocks 
are affected by radon loss in proportions which might 
attain 10% (Aitken, Pers. com., 2009 and Bowman, 
1976). Such effects have to be accounted for in 
certain calculat ions, such as, for example, evaluating 
the factor between the nuclide content and the 
derived induced radiation dose rate (Soumana, 1993;  
Rhodes  and Schwenninger, 2007).  
 
However, the inner radioactiv ity of naturally  
occurring rocks is not determined in the course of 
construction, as it can be theoretically with doped 
blocks; this can be a drawback for certain  
experiments using rocks. 
 
Since the beginning of the 1980’s, a dozen boreholes 
were drilled in a variety of rocks whose bare surfaces 
were exposed either naturally or by human action. 
These different sites are situated within 25 km of the 
laboratory. Recently, in order to reduce the distance 
to be travelled for experiments, two large blocks, 
weighing 10.5 t and 9.5 t were t ransported close to 
the laboratory (Fig.1).  
 

 
 
Figure 1:  Drilling the block of granite C347, 
weighing 9500 kg  
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Reference SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 

 

MnO 

H2O  

(1000°C) 

H2O  

(110°C) 

 

total 

 

Nature 

PEP 60.0 16.2 5.6 2.85 3.19 3.36 4.63 0.84  0.08 2.1 0.11 98.96 granite 

LAS 49.5 16.0 10.6 5.67 8.68 4.21 2.33 2.25  0.18 0.21 0.26 99.89 basalt 

LMP 42.9 12.6 12.8 10.6 11.1 2.64 0.87 2.84  0.17 2.1 1.06 99.75 basalt 

MPX 86.0 6.89 0.83 0.11 0.07 0.19 3.08 0.05  0.01 1.35 0.1 98.59 sandstone 

MAZ 49.19 17.13 12.12 4.69 8.47 4.36 2.24 2.39  0.2 0 0.33 100.07 trachyandesite 

GOU 54.9 18.2 7.91 2.25 5.47 5.4 3.13 1.38  0.22 0 0.03 98.9 trachyandesite 

C347 73.09 15.05 1.45 0.38 0.89 3.62 4.27 0.13 0.19  0.82  99.79 granite 

C341 46.95 16.67 12.15 6.16 9.59 3.71 1.65 2.44 0.57 0.19 0.17  100.28 trachybasalt 

 
Table 1: Composition and nature of the reference rocks 
 
 
On the other hand, some sites are no longer 
accessible at present, so that 8 reference rocks are 
currently available (and possibly 2 more, slightly less 
convenient). The boreholes are horizontal, they have 
a diameter of 70 mm and a length between 0.39 m 
and 1.5 m. The cores extracted in the course of 
drilling were crushed and homogenized before being 
distributed among several laboratories for elemental 
analyses, including nuclide assessment. Some of the 
nuclide analyses gave rise to inter-laboratory 
comparisons (Faïn et al., 1997). Dose rates in the 
different rocks were derived from the nuclide 
contents. Dose rate measurements were also 
performed in situ, in the holes, by independently 
calibrated means including TL dosimeters and NaI 
gamma probes. 
 
This paper is aimed at giving updated data for those 
reference media and at presenting two examples of 
their use. The first one concerns the calibration of a 
field probe for gamma dose rate measurements. The 
second one is a simple and advantageous method for 
TL dosimetry, where the reference rocks are used as 
radiation-dose-sources, avoiding the use of a 
laboratory calib rated source. 
 
Data concerning the reference rocks  
The reference rocks include two granites, one 
sandstone and six lavas (Table 1). Apart from the two  
blocks settled close to the laboratory (C341 and 
C347), the rocks do not appear as free blocks, but as 
outcrops in geologic massive formations.  
Homogeneity at the metre scale around the boreholes 
is assumed from the geological nature of the rocks, 
which are not bedded, and from v isual inspection. 
The water content is nil, or low but stable. Certain  
lavas are porous; however the pores are not 
interconnected, so that time-variation in water 
content is not possible.  Although the holes are 

horizontal, they may sometimes be wet inside, due to 
rain, but this cannot affect the dose rate.  
 
The nuclide contents of the rocks were assessed by 
various laboratory methods, comprising: low 
background gamma spectrometry, ICP-MS, NAA and 
flame photometry (for K). 230Th was measured by 
means of alpha spectrometry for recent lavas since 
these can show a slight disequilibrium in the U-
series. 
 
The nuclide contents were also verified in situ for 
C341 and C347 by using a NaI gamma probe.  The 
laboratories or persons who participated in the 
measurements are listed in Annex 1.  
 
 
Reference [U] ppm [Th] ppm 230Th/238U 226Ra/230Th 

PEP 6.00 ± 0.20 19.0 ± 2.0 1 1 

LAS 2.14 ± 0.04 7.57 ± 0.15 1 1 

LMP 1.60 ± 0.14 5.91 ± 0.09 1 1 

MPX 1.38 ± 0.03 3.61 ± 0.20 1 1 

MAZ 2.39 ± 0.08 8.58 ± 0.04 1.00 ± 0.01 1.07 ± 0.01 

GOU 3.18 ±0.12 11.95 ± 0.06 1.00 ± 0.01 1.11 ± 0.01 

C 347 2.84 ± 0.12 4.67 ± 0.10 1 1 

C 341 1.80 ± 0.05 6.42 ± 0.40 1.10 ± 0.01 1.0 ± 0.01 

 
 
Table 2: Nuclide contents of the reference rocks. The 
230Th/238U and 226Ra/230Th ratios are given for 
activities. For the older rocks, PEP, LAS, LMP, 
MPX, and C347, these ratios were not measured; 
they were inferred from the ages of the rocks (3 Ma 
for the youngest one, LMP). Uncertainties are quoted 
at the 95% level of confidence. 
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Reference D 

Gy.a-1 
Dcosmic 
Gy.a-1 

Total 
 

PEP 2536 ± 110 140 ± 14 2676 ± 110 
LAS 1082 ± 10 120 ± 20 1202 ± 22 
LMP 641 ± 18 120 ± 20 761 ± 27 
MPX 962 ± 13 110 ± 15 1072 ± 20 
MAZ 1140 ± 12 200 ± 20 1340 ± 23 
GOU 1573 ± 17 110 ± 11 1683 ± 23 
C347 1421 ± 25 170 ± 18 1591 ± 29 
C341 849 ± 21 170 ± 18 1019 ± 26 
 
Table 3: Gamma and cosmic dose- rates in the 
reference rocks. Gamma dose rates were calculated 
using the data of Adamiec and Aitken (1998) revised 
for 40K and the Th-series by Guérin and Mercier 
(submitted). Cosmic dose rates were derived from the 
data of Prescott and Hutton (1994). 
 
The gamma dose rates in the different media were 
calculated on the basis of the conversion coefficients 
published by Adamiec and Aitken (1998), and the 
updated coefficients given by Guérin and Mercier 
(submitted) for 40K and the Th-series. Allowance was 
made for d isequilibrium where necessary. The 
cosmic contribution was evaluated using the data of 
Prescott and Hutton (1994).  
 
Radon loss has not been specifically measured. It has 
been considered as negligib le for all the rocks, 
because of their compactness and it has been 
indirectly  verified by the good agreement between 
the calculated dose rates and the in situ measured 
dose rates. Moreover, the activity ratios 210Pb/226Ra 
for the rocks are not significantly differing from 1.  
 
Application to the calibration of a portable 
gamma spectrometer 
The Clermont reference rocks were used for 
calibrat ing a probe aimed at being a convenient tool 
for gamma dose rate determinations in the fie ld. The 
detecting cell of the probe is made of a 1.5” x 1.5” 
scintillat ion crystal (LaBr3). According to the 
manufacturer (Canberra), this material exh ibits a 
higher detection efficiency and a higher resolution 
than the more classical NaI(Tl) crystals. An example 
of a spectrum recorded in a cubic block made of 
building bricks (side: 1.5 m) availab le at the CRP2A 
laboratory (Bordeaux) is given in Fig. 2. However, 
this probe has the disadvantage of a relat ively h igh 
background (Fig. 2), due to the presence of the 138La 
isotope in the crystal lattice which generates γ- rays 
at 1436 and 789 keV, this second emission following 
a beta decay (end-point energy: 255 keV) that 
induces counts in the 789-1044 keV range. Thus, in 
the background spectrum, one also notices the 
presence of a line at 1461 keV, probably due to the  

 
Figure 2: Time-normalized spectra (1000 s) 
recorded with a LaBr3 probe placed in the block of 
bricks available at CRP2A (BDX- gamma dose rate= 
2010±35µGy/a) and in a lead housing (Background). 
High resolution gamma spectrometry performed on 
bricks used for building the CRP2A block allowed 
determination of their average radioisotopic 
contents: U(238U) = 4.27±0.68ppm, U(226Ra) = 
4.10±0.14ppm, Th = 13.7±0.3 ppm, K = 3.50±0.05%.  
Note that the Y-scale is logarithmic. 
 
 
summation of gamma rays of 1436 keV and X-rays 
following electron capture, as well as peaks related to 
the Th-series. 
 
Counts were performed with this probe in the 
following Clermont reference rocks: C347, C341, 
PEP, LMP, MAZ and GOU, as well as in the 
Bordeaux b lock of bricks in order to get a point at  
~2000 µGy/a. As each spectrum is a mixture of γ-
rays coming from the 40K and U- and Th-series, we 
analyzed the spectra by applying two threshold 
techniques (Guérin and Mercier, submitted). With the 
first technique, the total number of pulses above a 
fixed threshold was accumulated and counted. This 
threshold value was determined with the Geant4 code 
simulating a LaBr3 cell (encapsulated in a 1 mm thick 
duralumin ium layer) placed in in fin ite media. These 
media had various compositions similar to sediments 
rich in carbonates, silicates, organic materials  or 
lavas; the different radio-emitters - 40K and those of 
the U- and Th-series- were distributed uniformly.  
According to these Monte-Carlo simulations, the 
number of counts detected per unit time by the LaBr3 
cell above an energy of 300 keV (Σ Ni , E > 300 
keV), normalized to 1 µGy/a, is  independent of 
whether the γ-rays originated from K, U or Th, and 
this value was then used as  the low threshold.  A 
high threshold of 2800 keV was set in order to 
eliminate the cosmic contribution to the counts (see 
Prescott and Clay, 2000). Fig. 3 shows the total count 
between  300 keV  and  2800 keV as a function of the  
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Figure 3: Net counts per second (ΣNi for E> 300 
keV) deduced from measurements in the Clermont 
reference rocks and in the Bordeaux block of bricks 
as a function of the gamma dose rate (see values in 
Table 3). The upper discrimination level was fixed at 
2800 keV, in order to eliminate the counts due to 
cosmic rays. Notice the good linearity and that the 
intercept is compatible with 0. 
 
 
gamma dose rate, indicating that 0.0338 ± 0.008 
counts per second for a 1 µGy/a dose rate are 
detected with this probe. 
 
The analysis of the same simulated data indicated 
that above 165 keV, the sum of the energy per unit 
time i.e. Σ Ni. Ei (which is, for each channel, the 
product of the number of counts in this channel with 
the corresponding energy) is also independent when 
normalized to 1 µGy/a, of the origin of the gamma-
rays. In applying this second threshold technique, a 
larger part (about twice in counts number) of the 
recorded spectrum is used, which improves the 
counting statistics used for the dose rate 
determination. Moreover, Guérin and Mercier 
showed that this technique is less sensitive than the 
previous one to the repartition of the gamma dose 
rate between 40K and the U- and Th-series. The same 
Geant4 simulations indicated that this technique is 
also nearly insensitive to the composition of the 
medium. With this second technique, a good linearity 
was found between the signals (Σ Ni . Ei) and the 
gamma dose rates (Fig.4). 
 
In situ TL dosimetry using the reference rocks 
 
Verification of the consistency of the dose rate data 
A campaign of TL dosimetry was especially devoted 
to check the internal consistency of the dose rate data 
(Table 3).  For  that  purpose,  powdered  Al2O3:C   

 
 
Figure 4: Time-normalized signal (ΣNi. Ei for 165 
keV < E < 2800 keV) deduced from measurements in 
the Clermont reference rocks and in the Bordeaux 
block of bricks as a function of the gamma dose rate.  
The background was subtracted after time 
normalization. 
 
 
 
 
(provided by Landauer Inc., Stillwater Crystal 
Growth Div ision) was used (grain size 200-315 µm). 
The Clermont laboratory routine dosimeter consists 
of a stainless steel tube (1.5 mm th ick, 0.25 cm3 of 
capacity) completely filled with the zeroed powder. 
The cap is held in place by a heat shrinkable tube, 
slightly longer than the steel tube (+ 1 cm at both 
ends). When in place and very hot, the shrinkable 
tube is pinched at both ends so as to form a water 
proof bag around the steel tube, in the form of a 
candy wrapping. 
 
Such dosimeters were inserted in the holes for a few 
months and afterwards they were measured in the 
laboratory, all at the same time. The intensities of the 
TL peaks were plotted against the known dose rates 
(Fig. 5). No correction was applied to the results, 
because possible undesirable effects, such as self 
dosing and fading, would be the same for all the 
dosimeters and therefore should not affect the 
linearity of the curve. However, th is is not true for 
attenuation by the walls of the tube, which depends 
on the gamma spectrum – that is the respective 
proportions of U, Th and K in the rocks – and on the 
composition of the rock (see e.g., Valladas, 1982;  
Faïn et al., 1985). The exact attenuation in the 
different media for the given configuration has not 
been computed yet. It can be expected from 
preliminary results that the difference of attenuation 
between the samples is in the range 0 – 3 %. 

slope = 0.0338±0.0008 
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Figure 5: Plot of TL signal vs dose rate for 8 
reference rocks. 
 
 
A good correlation between TL and estimated dose 
rates was obtained (Fig.5), thus proving the validity 
of the data. 
 
TL dosimetry  
Routine methods for evaluating the dose acquired in 
situ by a TL dosimeter imply the use of a calibrated 
radiation-source (X, beta or gamma) for getting the 
correspondence: TL vs dose. Conversion of the 
measured equivalent dose in terms of in situ annual 
dose may require application of correction factors 
such as those evoked above for fading or self-dose; 
such corrections are routinely made by certain  
laboratories. Moreover, it necessitates a precise 
knowledge of the dose rate delivered by the 
laboratory source. So, inevitably, errors and 
uncertainties accumulate in the conversion. To 
overcome such problems, the Clermont TL group 
proceeds as follows. 
 
When a set of dosimeters is to be placed in sites to be 
dated, 3 more dosimeters are prepared and placed in 
3 of the 8 reference boreholes at the same time. After 
the dosimeters have been collected months later, all 
the phosphors are measured at the same time. Then, 
the TL intensities are plotted vs annual dose for the 
three known dosimeters. The dose rates in the 
different measured sites are then obtained by a simple 
interpolation (Fig.6). The overall uncertainty 
(systematic + statistical) on the result is estimated at 
4.5 % of the annual radiation dose.  The 3 reference 
rocks that have been chosen are C341, C347 and 
PEP. The advantages of choosing these rocks are: (i) 
the representative points on the initial experiment 
(see Fig.4) are on the mean regression straight-line 
(least squares method), meaning that the dose rates 
have been correctly evaluated for those 3 holes; (ii) 
the dose rates are significantly different from each 
other, allowing exp loration of a large range of dose 
rates and, (iii) the sites are the most convenient, being 
the closest to the laboratory. 

 
 

Figure 6: Plot of TL signal vs dose rate for 3 selected 
reference rocks (C341, C347 and PEP) based on a 
different campaign of measurements than the one for 
Fig.5. The dotted line shows the determination, by 
interpolation, of the annual dose for a dosimeter 
placed in a site to be dated. 
 
 
Discussion of the method 
The method offers advantages that have already been 
mentioned:  several possible sources of error with the 
standard techniques have no effect here because they 
are the same for all the dosimeters and they are 
automatically corrected for by the interpolation. The 
method avoids the use of a laboratory source, with 
the relevant difficulties  (authorization and 
calibrat ion). Moreover, the number of TL (or OSL) 
measurements is limited: for N dosimeters, the total 
number of useful series of measurements is N+3 only 
(a “series” corresponds to the several measurements 
necessary for reducing statis tical uncertainty for a 
given sample). Additionally, there is no need to 
measure the background (noise) or to worry about 
possible spurious signal. 
 
However, the drawback of the method is that the sites 
of application must not be too far away from the 
laboratory. For remote sites, it is necessary to 
introduce complementary measurements for 
evaluating the travel dose; in any case, the in situ 
duration must be long enough for the corresponding 
dose to be significantly h igher than the travel dose. 
Improvements of the method could consist of: (i) 
using a housing that would induce less dependence of 
the dose acquired by the TL phosphor on the 
composition of the measured medium and (ii), 
evaluation of the attenuation for a given medium 
with, e.g., a Monte Carlo code. Note that this applies 
to the standard methods too. 
 
Conclusions 
The reference rocks established around the Clermont 
laboratory can be considered as a convenient tool for 
various dosimetric experiments. The accuracy and 
precision of the data published in the present paper 
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can still be improved by new independent 
measurements, either in the boreholes or in the 
assessment of the nuclide content of samples from 
the cores.  
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Referee Comments  
The major thrust of the paper is the idea of using 
boreholes in massive rocks as defined locations for 
dose rate calib ration. Both gamma -ray spectrometry  
and in situ TL dosimetry are described. The idea is a 
good one and very useful if they are not too far from 
home, as the authors state. Many laboratories have 
access to pads of known composition with added K, 
U and Th. Some have substantial blocks, buried  
underground. The use of natural features avoids the 
need to make your own pads. Although it requires 
more work, the procedure described for in situ TL 
dosimeters and to min imise sources of error will 
appeal to those who do not have “in house” radiation 
facilit ies. 
 
The use of the relatively new LaBr3 (Ce) scintillat ion 
counters, as described in the text, is satisfactory for 
total gamma ray dosimetry. It must be noted however 
that the manufacturers explicitly do not recommend 
them for low level counting. In the present context 
this would be the case if concentrations of K, U or Th  
were being measured individually .  
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Annex 1  

List of the persons who contributed to the assessment of the nuclide content and/or gamma dose rate in the reference 
blocks. 
 

Laboratory Person Method 
Centre de Recherches en Physique 
Appliquée à l’Archéologie, CRP2A, 
Université de Bordeaux 3. 

P. Guibert, N. Mercier Gamma spectrometry (Hp- Ge 
detector), field gamma-probe.  

Laboratoire des Sciences du Climat et 
de l’Environnement, LSCE, Gif-sur-
Yvette. 

N. Mercier, H. Valladas TL, field gamma-probe. 

Institut de Paléontologie Humaine, IPH 
Paris  

J.J. Bahain, C. Falguères Gamma spectrometry (Hp- Ge 
detector) 

Laboratoire Pierre Sue, CEA, Saclay J.L. Joron NAA 

Laboratoire Magmas et Vo lcans, 
Clermont-Ferrand. 

M. Condomines ICP-MS, alpha spectrometry 

Laboratoire d’analyses et mesures, 
CRN, Strasbourg 

J. Trip ier TL 

Laboratoire de Physique Corpusculaire, 
LPC, Clermont-Ferrand 

J. Faïn, H. Erramli, D. 
Miallier, T. Pilleyre, S. 
Soumana, S. Sanzelle  

Gamma spectrometry (Hp- Ge 
detector),  TL 

Centre de Recherches Pétrographiques 
et Géochimiques, CRPG, Vandoeuvre-
lès-Nancy 

 ICP-MS 

Hokkaido University of Education, 
Japan. 

Y. Ganzawa NAA 
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Abstract 
The supplementary ZIP file of this paper contains the 
AGE program, which can be used for luminescence 
age calculations of clastic sediments. This paper 
outlines the use and limitations of this program. 
 
Introduction 
At the recent APLED2 meeting in Ahmedabad, it was 
brought to my attention that quite a number of 
colleagues still use the DOS-based “AGE” program 
for the calculation of luminescence ages. This 
program was actually never made widely available 
nor did it have any explanatory notes; this paper will 
address these issues. 
 
The supplementary ZIP file1 of this paper contains 
the AGE program, which is written in Quick Basic, a 
DOS based language. Note that some DOS 
commands are not supported by Windows XP and 
Vista, and that Vista users will require DOS 
emulation software in order to run the program. 
Particularly, there are problems associated with 
printing the results. AGE uses the “lprint” command, 
which is not supported by USB printers. The program 
is mainly driven by function keys. 
 
The program is based on dose rates from Adamiec 
and Aitken (1998), beta attenuation factors from 
Mejdahl (1979), alpha attenuation factors from Bell 
(1980), and cosmic dose rates from Prescott and 
Hutton (1988, 1994).  
 
Data input 
In the following description, input fields are written 
in italics.  
 
When the software package is opened, the left side 
inputs refer to internal dose rate parameters and the 
right side to external ones. BETA ATTENUATION 
                                                 
1 The ZIP file associated with this paper can be 
obtained from the Ancient TL web site at 
www.aber.ac.uk/ancient-tl/issue27_2/age.zip 

toggles between the calculation of external beta 
attenuation / self absorption based on the grain size, 
layer removed and internal infinite matrix dose rate 
(the external dose rate is then set to zero). INT. 
ALPHA / INT. BETA allows the input of calculated or 
measured alpha and beta dose rates. The associated 
av. α/β-SELFIRR toggles the use of average internal 
absorption factors to the supplied dose rates (i.e. if 
these are infinite matrix dose rates, the absorption 
factors may have to be applied).  
 
The external sediment values are used for the 
calculation of the external α and β dose rates. FOR 
α/β IRR. ONLY toggles the addition of the gamma 
dose rate calculated from the sediment data. Similar 
to the internal dose rates, external alpha and beta 
dose rates can be added with or without the 
calculation of average attenuation factors. In 
addition, an external gamma dose rate can be added 
with or without consideration of water attenuation.  
 
The cosmic dose rate attenuation is calculated for 
average sediment densities of 2 g.cm-3 (hard and soft 
component, after Prescott and Hutton 1988, 1994, see 
also discussion in Grün 1994). A zero input leads to a 
zero cosmic dose rate. A surface dose rate is 
calculated by a non-zero value, e.g. 0.001. Other 
densities can be calculated by scaling the depth. The 
cosmic dose rate is only calculated to a depth of 25m, 
below that, the formula used would give erroneous 
results. Latitude and altitude corrections (Prescott and 
Hutton 1994) are not carried out. If these are 
required, they have to be manually adjusted in the 
EXT. GAMMA entry. The cosmic dose rate is added 
to the external gamma dose rate.  
 
Text files (with an .AGE extension) with the data are 
saved in the specified directories. As this is a DOS 
file, any sample name cannot be longer than 8 
characters. 
 
When reading existing data files, or using the F2 
function key after the calculation of results, data 

http://www.aber.ac.uk/ancient-tl/issue27_2/age.zip
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entries can be revised using arrow keys and “Enter”. 
A straight second “Enter” restores the previous value, 
any other input leads to a revision of the previous 
value. Results are printed using the “ESC” key. 
 
Error calculation 
The mean dose rates are calculated from all mean 
values. The effect of each error input is calculated for 
the total dose rates as well as all given dose rate 
components. It is explicitly assumed that the errors 
are linear within the error range. Note that the errors 
of the alpha, beta and gamma dose rates do not 
necessarily add up in quadrature to the error in the 
total dose rate, because some of the errors in the 
partial dose rates are highly correlated. The age 
estimate and its error are not rounded. Please make 
sure to report only relevant digits. 
 
A program for the calculation of ESR age estimates 
on tooth enamel is available from the Quaternary 
Geochronology web-site (see Grün 2009). 
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Abstract 
We compare possible methods to remove grains from 
single grain discs including heating, tapping, 
vibration in a sieve shaker and use of an ultrasonic 
bath. These methods are quick, simple and effective 
at removing smaller grains or those that have become 
stuck as a consequence of settling during pre-heating. 
Holders for single grain discs to facilitate thermal and 
vibrational cleaning approaches have been designed 
and manufactured. Heating and tapping seem to be 
useful additional techniques for cleaning single grain 
discs, resulting in insignificant residual sensitivity in 
the majority of cases. 
 
Introduction 
Optically stimulated luminescence (OSL) analysis of 
single grains has proven to be a valuable means of 
enhancing luminescence dating. It has been shown 
that there is significant variability in luminescence 
properties and sensitivity between grains (Duller et 
al., 2000; McCoy et al., 2000). With single-grain 
analysis it is possible to investigate such behaviour, 
and importantly, attempt to separate components 
within complex mixtures (e.g. Thomsen, 2004) or 
identify grains that have been heated in a fire (Moska 
et al., in press). However, the sensitivity of single 
grains of quartz frequently leaves many observations 
at, or close to, statistical detection limits for photon 
counting. Thus it is extremely important to check the 
blank levels of cleaned discs between runs, and to 
carry forward realistic estimates of detection limits 
into the analysis. In this paper we look briefly at how 
to clean single grain discs from the Risø DA-20 
system, using blank scans in the reader and scanning 
electron microscopy to evaluate performance. The 
Risø guide (2007) suggests that the safest cleaning 
method is an ultrasonic treatment with water or 
alcohol. Here we have also evaluated thermal and 
vibrational approaches with promising results. 
 
After each cleaning process was applied, discs were 
analysed in three ways to check for residuals. The 
disc was first observed under an optical microscope, 
which was rapid but did not provide enough detail to 
fully confirm that there were no grain fragments. This 

detail was provided by looking at the disc under a 
scanning electron microscope (SEM). Finally, to 
check for remaining OSL signals a “disc cleaning 
check” was carried out on the Risø single grain 
reader. This comprised application of a fixed beta 
dose of roughly 10 Gy (supplementing the signal 
induced by electron beam irradiation under SEM 
examination) followed by preheating to 160°C (at 
5°C/s and held for 10 s) and an OSL measurement for 
2 s. Data from the OSL check were classified on the 
basis of the number of times that observed net OSL 
signals exceeded estimated poisson uncertainties. The 
signal from the first 0.5 seconds of optical 
stimulation was integrated and signal during the last 
0.5 seconds was used for background subtraction to 
calculate the “net” signal. The detection limits, 
applicable to subsequent runs, for each disc and hole 
were then defined as the mean value plus three 
standard deviations.  Even unused discs and cleaned 
discs produced a small, but detectable, signal (Fig. 1). 
To ensure that each single grain disc could be 
subsequently tracked, a number was engraved on its 
back. 
 
Discussion of methods 
Twenty-six discs were examined using the methods 
outlined below. These discs had previously been used 
to measure quartz from a range of sample sites 
(Orkney, Italy and Sri Lanka) and all had been sieved 
to 150–250μm diameter.  
 
Cold tapping 
The majority of grains were found to be easily 
removed by “cold tapping” – tapping the discs upside 
down followed by brushing and spraying with 
compressed air. This only removed all the grains on 
three discs out of 17 (there were 9 discs for which 
this method was not used) but for the discs that were 
not completely cleaned, only between one and ten 
grains remained. The removal of the loose smaller 
grains prevented any grains from returning to holes 
as well as isolating these stuck grains. To improve 
the cleaning process, a single grain disc holder was 
designed (Fig. 2) which holds the discs upside down 
above a pit for collecting fallen grains and, when the  
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Figure 1: An SEM picture of a cleaned disc and the net OSL signal (photon counts) produced by that disc for each 
hole. 
 
 

 
 
Figure 2: Single grain disc holders to help with the 
cleaning process and to store the discs. 
 

Figure 3: A grain wedged in a hole because of two 
points of contact on opposite sides of the hole (note 
the charging on the grain which has occurred 
because the discs were not coated). 

 
discs are clean, prevents them from being 
contaminated. Furthermore, the holder can be used 
for all the different cleaning methods and discs can 
safely be stored with grains in. 
 
Hot tapping 
Some grains are the correct size and shape to become 
wedged in the holes on the single grain discs (Fig. 3). 
It was thought that these grains may have become 
wedged in the hole as a result of the hole expanding 
during preheating in the Risø Reader. If the disc is 
preheated to 220°C (a temperature rise of roughly 
200°C), this corresponds to an increase of 1.39μm in 
the diameter of the hole since the coefficient of 
thermal expansion for aluminium is 23.1 x 10-6 K-1. 
This may cause grains to settle into positions which 
trap them when the holes contract on cooling. 
Therefore, theoretically, heating the disc upside down 
to a temperature above the preheat temperature, such 
as 400°C, and giving it a sharp tap should remove 
grains that had become stuck through that process. 
This method was quite successful at dislodging large 
grains such as the one shown in Fig. 3. All but eight 
discs were fully cleaned from only using cold tapping 
and one to three cycles of hot tapping. Statistics of 
the photon count from a disc as it passed through the 
methods outlined above are given in Table 1. 
 
Shaking 
It was noticed under the SEM that the sides of the 
holes were not completely smooth (Fig. 4) and may 
also cause grains to have a difficult path out of the 
hole even when it has been expanded using heat in 
the “hot tapping” method. 

4mm 

300μm 

 4mm 
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 Number of holes with signals  
significant at 3σ 

Mean net signal of the holes with 
insignificant signals (photon counts)  

Largest net signal 
(photon counts) 

Before cleaning 24 1.6 4913 
After “cold tapping” 13 -1.0 2336 
After “hot tapping” 2 -1.8 30 
Mean of all 25 cleaned discs 3.3 ± 0.4 -0.7 ± 0.3 45.3 ± 6.2 

 
Table 1: An example of what happened to one of the discs as it was cleaned using the methods outlined above. The 
final row gives statistics of the 25 cleaned discs (not including the one disc that had two grains remaining in it) 
compiled from the “disc cleaning check” runs.  
 
 
Shaking the discs while they were still hot was 
attempted as an enhancement to the “hot tapping” 
method so an adapter to fit onto a Fritsch 
®pulverisette ®analysette ®laborette laboratory 
sieve shaker was  manufactured (Fig. 5). This holds 
three of the single grain disc holders (Fig. 2) which 
can be preheated in an oven. This method appeared 
reasonably successful, and can be readily 
incorporated into standard procedures. At present it is 
unclear whether the performance exceeds that from 
“hot tapping” alone. 
 
Ultrasonic treatment 
For four discs, hot tapping had left one grain stuck in 
each disc. To try a more vigorous method of shaking 
the grains out of the hole, an ultrasonic treatment in 
water followed by drying using methanol was 
employed as suggested in the Risø Guide (2007). For 
three of the discs, the ultrasonic treatment removed 
the final grain. However, for the fourth disc, another 
cycle of heating and ultrasonic treatment was 
required to remove that grain implying that a 
combination of the methods enhances the removal 
process. 
 
To ensure that ultrasonic treatment was not a 
sufficient method on its own, three discs were first 
cleaned using the ultrasonic bath and then 
photographed under the SEM. An average of 5 grains 
remained in each discs and these grains were 
removed by the subsequent heating (Fig. 6). 
 
 

 
 
Figure 4: An SEM image of the side of a hole where 
the side shows some roughness. 

 
 
Figure 5: An adapter for a laboratory sieve shaker 
which holds 3 single grain disc holders. 
 
 

 
 
Figure 6: SEM photographs of a disc that was first 
cleaned using ultrasonic treatment and then by hot 
tapping showing some of the grains that were only 
removed after heating 
 
 
The combination of ultrasonic treatment and heating 
has not been able to clean the final disc which 
contains two grains stuck in a hole (Fig. 7). It is 

100μm 
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thought that these two grains are wedging each other 
into the hole. 
 
Summary and Conclusions 
The last line in Table 1 summarises the overall 
performance achieved in cleaning 25 discs using all 
methods. This does not include the one disc, from the 
original 26 examined, that was not completely 
cleaned (Fig. 7). From this initial study, a 
combination of heating and ultrasonic treatment was 
found to be very effective at cleaning all but one hole 
from a total of 2600 holes examined. 
 

 
 
Figure 7: The grains that have not been dislodged 
from the hole of one disc. 
 
The cleaned discs gave little statistically significant 
residual signal and no grain fragments could be seen 
under the SEM. Further work is required to enhance 
these cleaning methods to ensure that reused discs 
have been reliably cleaned and contain little residual 
signal that could contaminate further results. 
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   Optically stimulated luminescence (OSL) studies of 
clastic-rich coastal environments have been 
increasingly the focus of attention, mostly over the 
past five years, due to the improvement of protocols 
used to obtain reliable and accurate optical ages on 
minerals such as quartz. Using 55 quartz-separate 
samples extracted from at least two different depth 
intervals on sediment cores (long vertical and short 
horizontal) retrieved from multiple beach/dune ridges 
that decorate four Holocene coastal barriers and a 
Pleistocene lower mainland, the supra-tidal evolution 
of the western portion of the Apalachicola Barrier 
Island Complex, on the NE region of the Gulf of 
Mexico, has been re-evaluated. This study not only 
provides new reliable OSL ages for the region but 
also addresses the feasibility of a) quantifying rates of 
coastal aggradation and progradation; b) interpreting 
the temporal chronology of the coastal 
geomorphology; and c) constraining the results with 
other geochronometric data available at a more 
precise level (e.g. inter-correlations with accurate 
[x,y,z] parameters). 
   OSL results show equivalent doses (De) ranging 
between 0.01±0.00 and 52.28±1.26 Gy, associated to 
samples linked to both wind- and water-lain 
processes, depicting the two principal components of 
these ridges: a most probable swash-built ridge base 
and an aeolian cap. The optical ages obtained range 
from 22±4 to 154,200±10,400 years ago (based on 
2004 to 2006 datum), representing terminus ante 
quem ages of formation of the base of the ridge and 
the ages of the aeolian component at that particular 
depth. The sedimentary deposits hosting the cores 
collected show minimal contents of Uranium and 
Thorium (<< 4 ppm with an average of 0.5 ppm). The 
                                                 
1 The full text of this thesis is available online at 
www.aber.ac.uk/ancient-tl 

Potassium content seems to be more linked to 
temporal variations (i.e. different stages of evolution 
of the barrier islands) than to geographical position 
relative to the Apalachicola River mouth. 
   De distribution analyses show that frequency 
histograms coupled with cumulative frequency (%) 
curves and radial plots should be used together to 
better evaluate the overall behaviour of the 
distribution. For most of the samples OSL-dated for 
this research, one or two outliers (i.e. aliquots outside 
± 2σ) were present upon analysis of the De 
distribution, but excluded from the final De 
calculation used to compute the optical age of each 
sample. Skewness coefficient ranges were determined 
and skewness values were calculated to quantify the 
degree of symmetry of the De distribution for each 
sample. This parameter was used to assess the 
analytical error to be associated with each final De 
value, as well as the heterogeneity or homogeneity of 
the dose within each sample and see any indications 
of possible incomplete zeroing or biogeoturbation. 
Moreover, and associated with the latter, the use of 
smaller aliquots (e.g. 3 and 1 mm mask sizes) was 
also implemented to detect if the samples had 
undergone any significant post- or pre-depositional 
disturbance. None was found; rather, analyses show 
that with decreasing mask size, an increasing 
resolution in the De distribution was obtained where 
the values obtained for the larger aliquots (i.e. 8 and 5 
mm mask size) were encompassed within those 
obtained for the smaller aliquots (i.e. 3 and 1 mm 
mask size). 
   This dissertation presents the first assessment of 
supra-tidal coastal evolution using optical ages to 
determine both the vertical accretion and lateral 
progradation rates throughout different segments of 
the coastline. The multidirectionality, patterns and 
truncations shown by the hundreds of beach and dune 
ridges and ridge sets demonstrate the morpho- and 
hydro-dynamic complexity of these coastal barrier 
systems, located on the apex of the Floridian 
Panhandle.  Assessments of such morphological 
characteristics as well as detailed analyses of air-
photographs, satellite imagery, ancient nautical and 
topographic charts/maps, and previous studies were 
also incorporated in this research to better constraint 
the proposed Late Holocene spatial-temporal history 
of this ~ 60 km-long coastal complex perched on the 
NE corner of the Gulf of Mexico. Six major time 
intervals were differentiated with the chronological 
evolution of these barrier islands since the last ~ 
4,000 years. 
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   This thesis investigates the role of climate on the 
formation of terraces and fans based on two case 
studies in southern Peru. Two valleys, the Pisco 
(~13.5°S) and Majes (~16°S) valleys that extend in 
an east-west direction from the Altiplano to the 
Pacific coast, and where terraces and fans are 
numerous, were investigated in detail. Both valleys 
are characterized by a dry climate along the coast and 
in the lower reaches and a semi-arid climate in the 
headwaters. In order to interpret the formation of the 
terraces and fans, it was essential to establish a 
detailed chronological framework, and for this study, 
this was done using luminescence dating. During the 
analysis of the luminescence samples, it became clear 
that the quartz OSL (optically stimulated 
luminescence) ages from terraces and fans 
underestimate the true depositional age. 
Deconvolution of OSL signals revealed that the fast 
component was not dominant in the luminescence 
signal and, in addition, determination of thermal 
lifetimes using pulse annealing showed that the 
medium component was thermally unstable, with 
both problems resulting in age underestimation. 
Testing suggested that the weak fast component and 
thermally unstable medium component may be 
related to the young sedimentary history of the quartz 
grains that are directly derived from weathered 
plutonic and volcanic rocks. Multiple cycles of 
bleaching, heating and irradiation of the quartz grains 
may improve their characteristics for luminescence 
dating. A possible solution to circumvent problems 
related to a thermally unstable medium component is 
to isolate the fast component. This was done using 
different approaches, including mathematical 
extraction as well as direct sampling of the fast 
component using a modified SAR (single aliquot 
regenerative) protocol. None of these techniques 
proved robust enough to allow its routine application 
to the dating of quartz from the Pisco and Majes 
valleys, and it was found preferable to use feldspar 
IRSL (infrared stimulated luminescence) instead. 
Extensive testing of feldspar IRSL was also 

conducted after which it was successfully applied to 
date the terraces and fans. While anomalous fading is 
often seen to affect the feldspar signal, testing of this 
confirmed that it was not present for these particular 
samples. 
   IRSL dating of the terraces and fans in the Pisco 
and Majes valleys revealed that phases of sediment 
aggradation were contemporaneous with humid 
periods on the Altiplano. Aggradational phases 
occurred during the Ouki (~110-100 ka), Minchin 
(~55-40 ka), Tauca (26-15 ka) and Coipasa (12-8 ka) 
paleolake cycles. The sedimentologic and 
geomorphic data suggest that enhanced precipitation 
in the headwaters and middle part of the catchment 
resulted in increased erosion and transportation of 
sediment from the hillslopes into the channel network 
and towards the lower reaches. An imbalance 
between sediment supply from hillslopes, and 
sediment transport capacity of the receiving trunk 
stream, in combination with a decreasing river 
gradient and an increasing valley width beneath the 
knickzone most probably resulted in deposition of the 
sediment. Not only were the headwaters affected by 
this climate change but also tributary catchments and 
hillslopes in the lower reaches that are currently arid. 
There, controls on sediment discharge in the tributary 
systems and mechanisms driving fan construction 
were considered to be local. Due to the absence of 
vegetation cover, sediment discharge in the tributary 
drainage basins is very sensitive to changes in the 
rainfall pattern. A change towards a climate with a 
higher frequency of high-magnitude precipitation 
events most likely initiated the construction of fans. 
While the onset of erosion of previously deposited 
sediment cannot be directly inferred from the 
luminescence data, field evidence suggests that the 
erosion may have started in the later stages of a wet 
period as sediment availability on the hillslopes 
tapered off. We conclude that terrace and fan systems 
therefore record the combined effect of allo-and 
autogenic mechanisms initiated by a shift towards a 
more humid climate. Supply of sediment and 
formation of terraces and fans not only depends on 
climate and water discharge, but also to a large extent 
on the availability of unconsolidated material on 
hillslopes. Bedrock weathering, therefore, has 
presumably been the most important limiting process 
for terrace and fan construction, particularly in arid 
regions. This implies that the number of periods 
during which terraces and fans in the Majes valley 
were formed only provides a minimum estimate of 
climate cycles, and it is possible that further wet 
periods occurred that are not recorded in the 
sedimentary deposits where the time scale of climate 
change was shorter than the time required for 
weathering and the production of new sediment. 
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   The Jilantai Salt Lake is located in the southwestern 
part of the Jilantai-Hetao Basin, a Cenozoic fault 
basin to the north and northwest of the Ordos plateau 
and to the east of the Alashan plateau in western 
China. The Jilantai-Hetao basin is about 560 km long 
and 80 km wide. Most of the lake basin is now dry 
and covered by aeolian sand. A series of lakeshore 
remnants were found around the Jilantai Salt Lake, 
especially on its western bank. Altitudes of these 
shorelines are at 1080-1070m, 1060m, 1050m, 
1044m and 1035m asl. It could be inferred that at the 
highest lake level stage, a huge lake, the Jilantai-
Hetao Megalake, was developed to cover the Jilantai 
area and most of the Hetao Plain along the Yellow 
River at its square bend around the Ordos block. 
However, many questions remain unsettled. For 
instance, can this hypothesis be supported by 
geological and geomorphologic evidence? When and 
how was such a huge lake formed? Researches of 
above questions are of great importance to study the 
development of Ulan Buh and Kumbuqi Deserts, and 
the evolution of the Yellow River as well. 
   In this study, geomorphologic, sedimentary and 
biological evidence of the Jilantai-Hetao Megalake 
were summarized based on our previous studies. OSL 
dating of lakeshore sediments was studied in detail 
and the reliability of these OSL dates was discussed 
on the basis of luminescence chronology and the 
comparison with radiocarbon dating. A preliminary 
chronological frame of the paleolake‟s major 
shorelines was determined based on forty-nine OSL 
dates from a series of sediments on different 
shorelines. From analyzing the potential water 
sources to the huge lake, the probable formational 
mechanism of this huge lake was also discussed. The 
following main results were reached: 
1) Geological and geomorphological evidence. 
   Barrier bar, wave-cut terrace and spit are the typical 
geomorphological evidence of the lakeshore in the 
Jilantai and Hetao area. Barrier bars are widely 
distributed in the Jilantai area, especially on the west 

bank of the Jilantai Salt Lake. Lacustrine sediments 
and wave-cut terraces were found on the southern 
piedmont of the Langshan-Seertengshan-Daqingshan 
Mountains where was proved to be the north margin 
of the lake basin, and on the piedmont of Zhuozi 
Mountains east to the Wuda District, the south 
margin of the lake basin. Geomorphologic features of 
lakeshores were poorly preserved on the south bank 
of the Yellow River, but lacustrine deposits were 
found in several excavated sand quarries, for example 
in quarries east to Sanshenggong Bridge, in quarries 
southeast to Balagong Town in the western bend of 
the Yellow River, and especially in quarries near 
Shilazhao south to the Urad Qianqi which is on a sub-
upleft of the basin. Spits are mainly distributed in the 
Jilantai area, for example, two typical spits are 
existed with specific geomorphological features at 
sites west to the Jilantai Salt Lake and seventy 
kilometers northeast to the Jilantai Town 
respectively. In addition, there is a delta at the west-
south mouth of the lake basin to the east of the Wuda 
district, which was probably formed by the Yellow 
River inferred from geomorphological evidence. The 
exposed profiles on lakeshores have a general vertical 
prograding sequence. Shells of aquatic mollusk, such 
as Corbicula, Radix and Gyraulus were found in most 
of lakeshore sediments. These observations support 
that there was once a unified huge lake covering the 
Jilantai area and most of the Hetao Plain, referred to 
as the Jilantai-Hetao Megalake.  
   Based on spatial distribution of these shorelines and 
their altitudes in the Jilantai area, an area weakly 
influenced by tectonic movement, it was deduced that 
Jilantai-Hetao Megalake underwent three 
evolutionary phases as the Jilantai-Hetao Megalake 
phase with shorelines at altitudes 1080-1070m asl, 
the Jilantai-Hetao Main Lake phase with shorelines at 
altitudes of 1060-1050m asl and the Jilantai 
Paleolake phase with shorelines at altitudes of 1044-
1035m asl.  
2) Luminescence dating of the lakeshore sediments. 
   From profiles on different altitudes of shorelines, 
forty-nine OSL samples of different kind lakeshore 
sediments were collected. These samples were 
measured by using the OSL technique. For improving 
the reliability of OSL dating results of lakeshore 
sediments, the relationship between quartz grain-size 
and equivalent dose (De) values is studied from five 
littoral sediments samples. The creditability of all 
OSL results is discussed from De and dose-rate 
determination. And the reliability of these OSL dates 
is also validated through the comparison with 
radiocarbon dating in six profiles. 
   Lakeshore sediments were suggested to be 
potentially well-bleached suitable for OSL dating by 
the comparison of De in the 1990‟s. However, recent 
comparison of dating results from different 
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chronological methods has shown that the 
luminescence technique may underestimate the age of 
lakeshore sediments. To investigate the reliability of 
OSL dating of lakeshore sediments, five lakeshore 
samples in the Jilantai area were examined by 
comparing De values of quartz fractions in the size 
ranges of 63-90, 90-125, 125-150, 150-180, 180-250 
and 250-300 μm in each sample. The De values were 
measured by using medium aliquots. There are two 
different relationships between De values and grain 
sizes of these samples. The first relationship is that 
the De values obtained from various grain sizes are in 
agreement within 1 delta errors. The second 
relationship is that De values are similar to each other 
for fractions between 125 and 300 µm, while the De 
value of the 63-90 µm fraction is 40~55% smaller 
than others. For example, the De values obtained for 
sample #3 are 20.15±1.19 Gy, 19.80±0.83 Gy and 
20.93±1.06 Gy for fractions of 90-125, 125-150 and 
250-300 µm respectively, but are 10.79±0.84 Gy for 
the 63-90 µm fraction. The second relationship can‟t 
be interpreted by previous studies of both dosimetry 
and heterogeneous bleaching. It is deduced for 
sample #2, #3 and #6 that fine particles (<90 μm) 
intruded after the dominant sedimentation. We 
compared the OSL ages of the 63-90, 90-125, 125-
180 and 180-300 μm quartz fractions of sample #2 
with a radiocarbon age from aquatic mollusk shells 
with both bivalves well preserved collected in the 
same lithologic layer (sample #7) in profile HS4, and 
results show that OSL ages from the 125-180 μm and 
180-300 μm fractions are in the same time span very 
close to the radiocarbon dating result and those 
apparent ages of the 63-90 and 90-125 μm fractions 
are obviously 2800-3600 years younger than the 
radiocarbon dating result even when radiocarbon 
reservoir was considered. The comparison supports 
that fractions coarser than 125 µm yield more reliable 
burial ages, while the fraction finer than 90 µm yields 
underestimated ages for some lakeshore sediments 
from this arid region. 
   To obtain reliable chronological frame of the 
Jilantai-Hetao Megalake, OSL dating was applied to 
lakeshore sediments mainly for quartz fraction of 90-
400 µm by using medium aliquots. The dating results 
show that the blue OSL signal of quartz fraction was 
near saturated in five samples. To these samples, 
IRSL dating was also carried out from k-feldspar 
fraction. The IRSL signals of these samples are 
unsaturated and their IRSL ages are about 15-50% 
younger than blue-OSL ages from quartz. For these 
five samples, OSL ages from quartz are used as the 
minimum age though their ages were potentially 
underestimated. The reliability of OSL results are 
also validated through the comparison with 
radiocarbon dating in six profiles. In three Holocene 
profiles, OSL dates are accordant with radiocarbon 

ages of bulk organic matter or aquatic mollusk shell 
carbonates when radiocarbon reservoir was 
considered. In other three MIS 3 profiles, OSL dates 
of beach sand are also consistent very well with 
radiocarbon ages. For profile S39, the OSL age is 
42.44±4.20 ka with radiocarbon age of 41619~42241 
cal a BP (two sigma deviation) of mollusk shells 
from the same lithologic layer. These comparisons 
indicate ages obtained from OSL dating of lakeshore 
sediments can be reliable as radiocarbon ages 
obtained from either bulk organic matter or aquatic 
mollusk shells, and that chronological frame can be 
established by means of OSL dating method.  
   The reliability of all OSL dates was summarized on 
the basis of above discussion. Finally, the 
chronological frame of the Jilantai-Hetao Magalake is 
reconstructed on these OSL ages, and the history of 
the megalake is recovered by the consideration of 
geomorphologic and geological evidence in this 
region. The OSL data demonstrate that the lake level 
came to rise from 120-100 ka or so, and subsequently 
a unified huge lake came into being, namely, the 
Jilantai-Hetao Megalake, covering the Jilantai Basin 
and almost the entire Hetao Basin before 60-50 ka. 
Then it gradually descended with its altitude 
remaining at about 1060-1050 m, and the lake still 
covered the Jilantai Basin and parts of the Hetao 
Plain. Thereafter the unified lake was separated into 
pieces. At around 10 ka ago, there were small 
separated lakes, possibly ponds in certain areas of 
Jilantai. 
3) Formational mechanism of the megalake. 
   The changes of the unified Jilantai-Hetao Megalake 
into a dry lake basin indicate that the water system 
changed greatly in northern China. The cause of such 
a profound environmental change is an important 
issue that we are investigating through a number of 
research approaches. Based on field observations, we 
think it probable that the primary water source 
feeding the Megalake Jilantai-Hetao was the Yellow 
River. This assumption requires further testing, as 
does the possibility of contributions derived from 
other sources. We collected aquatic mollusk shells 
from littoral sediments at different altitudes around 
Jilantai and measured their strontium isotope 
compositions. 87Sr/86Sr ratios in shell carbonates are 
different between the high lake phase (~1080-1050m 
asl) and the low lake phases (~1044-1030m asl), with 
a small shift in average strontium ratios to more 
radiogenic values during the low lake phase. Based 
on regional hydrology and physical geography, we 
conclude that water from the Yellow River was the 
dominant water source supplying this mega lake. 
87Sr/86Sr ratios of modern water samples suggest the 
Yellow River was the dominant water source during 
the high lake phase, but that the relative contribution 
of Yellow River water to the megalake was reduced, 
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and that the relative contributions of local 
precipitation and groundwater increased, during the 
low lake phase. Incision rates of the Yellow River 
indicate that the Ordos Plateau started to uplift 
rapidly on its western margin at about 120 ka with 
rapid uplift as a whole at about 100 ka. Lake levels in 
Jilantai and Hetao started to rise simultaneously as 
the rapid uplift of the Ordos Plateau. It is thus 
concluded that the Yellow River was possibly 
dammed by the rapid uplift of the Ordos plateau at 
the exit of the megalake, which resulted in the 
formation of the Jilantai-Hetao Megalake. 
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   This study investigates the photoluminescence 
(PL), cathodoluminescence (CL), radioluminescence 
(RL) and ionoluminescence (IL) of natural and 
synthetic minerals. The natural minerals (fluorapatite, 
leucophanite, meliphanite and zircon) are mostly 
from Ilímaussaq Alkaline Complex in South 
Greenland, Langesundsfjord in Norway and from 
different localities within Scotland. Synthetic 
fluorapatite (manufactured as part of the present 
study) and zircon doped with rare earth elements 
(REE) were used to compare single and multidoped 
materials. This study has shown that many of the 
generally accepted applications of luminescence are 
not as straightforward as often suggested by the 
current literature. 
   For example, the study demonstrates how site 
distribution of REE, based on luminescence, is 
greatly affected by the dopant level and structural 
changes, and that different conclusions can be drawn 
on the same sample depending on method applied. 
Furthermore, it is clearly demonstrated that using 
luminescence as a tool for quantitative trace element 
determination is not going to be a standard technique 
in the near future if ever. The two main findings 
supporting this conclusion are the nonlinear intensity 
decrease between different REE activators in the 

same sample and a large variation between activators 
at the concentration at which self-quenching starts. In 
contrast to the general perception that luminescence 
related to REE is mostly independent of the host, this 
study has shown a strong interaction between host 
and REE activators.  
   This conclusion is supported by the change in the 
activator´s coordination polyhedron observed with 
single-crystal and powder X-ray diffraction combined 
with full chemical characterisation. When combining 
the weak interaction between some REE with the 
strong host interaction this study has shown the 
potential for designing new types of colour tuneable 
and "white light" LEDs based on natural minerals. 
This study also reveals that zircon doped with Gd3+ 
and Eu3+ can potentially have quantum-cutting 
properties. 
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   Eastern Beringia (Alaska and the Yukon Territory) 
represents a unique high-latitude setting in that it has 
remained largely ice-free throughout the major global 
glaciations of the Quaternary. As a result, it contains 
extensive terrestrial palaeoenvironmental records in 
the form of perennially-frozen loess and loess-
derived deposits, which span the last 3 million years. 
Numerous tephra horizons across eastern Beringia 
also provide invaluable chronostratigraphic markers 
that are capable of correlating regional stratigraphic 
sequences over large areas. These preserved records 
offer a unique opportunity to reconstruct detailed 
palaeoenvironmental, palaeoclimatic, palaeo-
biological and archaeological histories for this region. 
However, there remains a need to improve and 
expand the chronological approaches used to interpret 
these Quaternary records, particularly over timescales 
that lie beyond the upper age range of radiocarbon 
(14C) dating.  
   The main aim of this thesis is to provide an 
improved, numerical-age, chronostratigraphic 
framework for Quaternary environmental 
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reconstructions in eastern Beringia. For this purpose, 
optically stimulated luminescence (OSL) and infrared 
stimulated luminescence (IRSL) dating techniques 
are used to provide chronological constraints on key 
stratigraphic units containing correlative tephra 
horizons within Pleistocene loess and glaciofluvial 
gravels from eastern Alaska and the Yukon Territory. 
Importantly, the suitability of OSL dating of tephra-
bearing deposits in this region remains to be fully 
investigated, and this forms an integral part of the 
research undertaken in this thesis. To do this, single-
grain and multi-grain OSL dating techniques were 
applied to 140,000 to 30,000 year-old deposits 
associated with geochemically-characterised Late 
Pleistocene tephra layers from the Yukon Territory 
(Klondike district, Ash Bend, Ch‟ijee‟s Bluff) and 
eastern Alaska (Chester Bluff), which have been 
constrained by independent age control (14C and 
fission-track ages). Multi-grain feldspar IRSL dating 
was also conducted on these known-age tephra-
bearing deposits using a range of emission bands 
(ultraviolet, blue, yellow and orange-red emissions). 
An additional objective of the research was to 
investigate the OSL behavioural characteristics and 
grain-to-grain variability of sedimentary quartz grains 
from this region, as a means of developing more 
reliable single-grain and multi-grain OSL 
chronologies.  
   The single-aliquot regenerative-dose protocol was 
found to be well suited for dating both quartz and 
feldspar fractions of these tephra-bearing deposits. 
Sedimentary quartz grains from this region were, 
however, generally characterised by dim OSL 
signals. A key finding of this study was that multi-
grain OSL dating of known-age deposits typically 
resulted in severe age underestimation. Several 
possible reasons for this were explored through 
signal-component investigations and the construction 
of „synthetic‟ aliquots from single-grain 
measurements. Single-grain OSL dating produced 
widely spread (overdispersed) dose distributions, but 
ages that are in broad agreement with independent 
age control when using either of two well-established 
models to estimate the burial dose (the central and 
minimum age models). The findings of this thesis 
indicate that single-grain quartz OSL techniques are 
better suited to dating loess deposits in this region 
than are multi-grain quartz OSL techniques, because 
the former allow for the exclusion of aberrant grains 
that are particularly prominent in these samples. A 
major source of uncertainty in the OSL dating of 
these perennially-frozen deposits was the long-term 
water content during their burial periods. In some 
instances, the OSL ages obtained using the „as 
measured‟ water content greatly underestimated the 
expected ages of the deposits. Investigations into the 
multi-grain feldspar IRSL characteristics showed that 

anomalous fading was ubiquitous in these samples, 
regardless of the emission band. In most cases, 
however, it was possible to derive IRSL ages that 
were in agreement with the corresponding single-
grain quartz OSL ages by applying suitable fading-
correction procedures.  
   This thesis represents the first comprehensive study 
to apply single-grain OSL dating techniques to 
eastern Beringian deposits and provides some of the 
first OSL-based numerical-age constraints for both 
existing tephrochronologies and newly-identified 
tephras across Alaska and the Yukon Territory. The 
OSL chronologies established in this study include (i) 
maximum and minimum age constraints on the Reid 
glacial deposits (which represent the penultimate 
advance of the Cordilleran ice sheet) in central 
Yukon Territory; (ii) a depositional age for 
numerous, but previously undated, Late Pleistocene 
tephras in this region; (iii) the first numerical ages for 
the interglacial deposits and Old Crow tephra at 
Ch‟ijee‟s Bluff; and (iv) numerical age constraints on 
extensive Pleistocene loess and organic beds at 
Chester Bluff.  
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   This study presents the depositional ages and 
geochemical characteristics of unconsolidated 
Quaternary sediments collected from the Jeongokri 
archaeological area, Korea. For decades, many 
paleolithic artifacts have been excavated from this 
area, which provided important data for the East 
Asian Lower Palaeolithic with occurrence of the so-
called “Acheulian-like” handaxe (Yi and Clark, 1983; 
Bae, 1988). Unconsolidated sediments from a total of 
12 localities at the Jeongokri were collected from the 
sediment sequence overlying unconformably the 
Quaternary Jeongok Basalt. Among them, 25 samples 
were selected from three places for age dating. Age 
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estimate was made by applying of optically 
stimulated luminescence (OSL) dating, with results 
showing a large range of age distribution. The 
samples collected from fluvial sandy sediments at 
locality 1 have an age range of 34 to 66 ka, while 
those from fine-grained silty-clay sediments 
(localities 2 and 3) are with a range of 100 to 200 ka. 
Localities 2 and 3 do not show ages younger than 100 
ka. The altitude of the Jeongok Basalt beds indicates 
the possible existence of least three different basalt 
levels at 48~49 m, 52 m, 53~54 m above the sea-
level. Previous age-dating suggested that the lava 
flow could have occurred during a prolonged period 
between 0.1 and 0.5 Ma (Kojima, 1983; Danhara et 
al., 2002; Yi et al., 2005). The current study 
demonstrates that the deposition of the 
unconsolidated fine-grained sediments on the basalt 
bed began at least 200,000 years ago. Re-
measurement of the artifact horizon by OSL dating 
suggests that a hominin occupation could be younger 
(less than 200 ka) than previously suggested. The 
results of geochemical analyses suggest that the most 
dominant sources of the deposit could the Chinese 
loess and local material of fluvial origin from the 
Korean Peninsula. A possible source area of 
deposition of wind-blown materials is the Yellow Sea 
locating between China and Korea. Also, 
geochemical compositions of the deposit indicate the 
influence of monsoonal activities on the Quaternary 
paleoenvironment in Korea, which are closely related 
with sediments origin. 
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Conference Announcements  
 

 

 
 

7th New World 
Luminescence Dating 

Workshop 2010  
 

 
23rd-24th

 September 2010 
 

 

 
 
The Lux laboratory is pleased to announce that the 

7th New World Luminescence Dating Workshop 
(NWLDW) will be held in Montréal (Québec). 
Workshop presentations are planned for September 
23rd and September 24th, 2010 (Thursday and Friday) 
at the Université du Québec à Montréal (UQÀM). A 
geological, archaeological and cultural field trip is 
planned for Saturday the 25th. The weather in 
Québec at the end of September can be very pleasant, 
and the field trip will be run into beautifully coloured 
fall boreal forest. Not to be missed!  

Information regarding the workshop will be online 
on http://lux.uqam.ca/ as soon as possible.  

The first circular will be sent by e-mail to those 
who contact us following this announcement.  

 
For further information send an e-mail to:  
barre.magali@uqam.ca or  
huot.sebastien@courrier.uqam.ca 
 

 
 
Magali Barré   
Sébastien Huot 
Michel Lamothe  
 
Département des Sciences de la Terre et de 
l'Atmosphère Université du Québec à Montréal 
 

http://lux.uqam.ca/
mailto:barre.magali@uqam.ca
mailto:huot.sebastien@courrier.uqam.ca
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Erratum: LED laboratory lighting  
 

G.W. Berger and C. Kratt 
Desert Research Institute, 2215 Raggio Parkway, Reno, NV 89512, USA. 
(glenn.berger@dri.edu)  
 

(Received 16 November 2009) 
________________________________________________________________________________________ 
 
In the 2008 issue of Ancient TL, the article by Berger 
and Kratt (Volume 26(1), pg. 9) should have said that 
LEDtronics LED lamps have a rated operating life of  
>105 hours, not “>105” hours as printed. There was 
an error in “typesetting” of the accepted, correct 
version. 
 

 

 

 

 


