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1 IRAMAT-CRP2A, Université Bordeaux Montaigne, Pessac, France
2 Chair of Geomorphology & BayCEER, University of Bayreuth, Bayreuth, Germany

3 SUERC, Scottish Enterprise and Technology Park, East Kilbride, Scotland, UK
4 Institute of Physics CSE, Silesian University of Technology, Gliwice, Poland

5 Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University, Torun, Poland
6 Dipartimento di Scienza dei Materiali, Università degli Studi di Milano Bicocca, Milano, Italy
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Abstract

Fundamental studies on luminescence pro-
duction in natural quartz require samples
which can be studied by groups of laboratories
using complementary methods. In the frame-
work of a European collaboration studying
quartz luminescence, a sample originating
from the Fontainebleau Sandstone Formation
in France was selected for characterisation
and distribution to establish a starting point
for interlaboratory work. Here we report on
the preparation and characterisation work
undertaken before distribution with the aim
of ensuring that each laboratory received
comparable material. Material was purified to
enrich the quartz concentration, followed by
mineralogical screening by SEM and ICP-MS
analyses. Luminescence screening measure-
ments were undertaken at a single laboratory
(SUERC) to verify the suitability of the sample
for use within the study, and to establish the
level of homogeneity of subsamples prepared
for distribution. The sample underwent min-
imal non-chemical pre-treatment by multiple

cycles of magnetic separation and anneal-
ing. SEM analysis showed that the sample
consists mainly of SiO2. The luminescence
characterisation confirmed a dose sensitivity
of ca. 22,000–160,000 cts K−1 Gy−1 per 260–
290 grains for the 110◦C UV TL peak, well
developed low (here: 100–300◦C) temperature
(pre-dose) TL signals and high OSL sensitivi-
ties. The grain to grain OSL response varies by
more than one order of magnitude. No signif-
icant IRSL signal was observed. In summary,
the results from luminescence characterisation
confirm the suitability of the sample for the
luminescence experiments envisaged and have
established a basis for comparability in studies
conducted by a network of laboratories.

Keywords: OSL, TL, Characterisation,
Fundamental research

1. Introduction
Fundamental studies on quartz luminescence character-

istics dedicated to dosimetric applications quickly reach a
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Figure 1. Flowchart of the sample treatment and applied screening
procedures. The ICP-MS analysis was carried out on one subsample
only.

point where (natural) reference samples are needed. Such
samples ideally would (1) enable reproducible experiments
to be conducted within individual laboratories to help set up
procedures, (2) provide material which could be used as a
control sample for work with a range of different samples,
and (3) provide a traceable means of assimilating data from
different laboratories, providing the homogeneity has been
adequately established. The requirements for such materi-
als were discussed in the framework of a European collab-
oration at meetings in Bayreuth, Torun and Glasgow, where
it was concluded that natural quartz samples of high purity
were needed to establish interlaboratory comparability. Ma-
terials with high dose sensitivity (110 ◦C single grain peak
intensity > 100 cts K−1 Gy−1), good signal reproducibility
(e.g., TL peak shape), minimal preceding chemical treatment
and availability in large quantities (> 500 g) were required,
and the importance of characterisation in a single laboratory
and careful partition and distribution were recognised. In the
longer term, it may be necessary to develop a series of such
materials from different natural settings, to reflect a broader
range of quartz luminescence characteristics as well.

Some previous studies have used samples initially ob-
tained from dating studies as model systems (e.g., Wintle &
Murray, 1997; Bailey, 2000; Gong et al., 2014), others have
used commercially available bulk material (e.g., Keleş et al.,
2016), quartz extracted from the bedrock (e.g., Friedrich
et al., 2017) or a mixture of such samples (e.g., Adamiec,
2005). However, the information on origin, pre-treatment
and mineralogical characterisation and homogeneity differ in
these examples, and basic luminescence characteristics ap-
pear to be only rarely reported, or if given, spread over sev-

eral articles. Here we report the characterisation and prepa-
ration of a quartz derived from the Fontainebleau sands, un-
dertaken at the Scottish Universities Environmental Research
Centre (SUERC) prior to distribution to the working group.
This material has subsequently been used in an interlabora-
tory study of the kinetic parameters of the 110 ◦C TL signal,
and it is intended that it should also be used for future ex-
periments on luminescence production of quartz within the
group.

Chemical composition screening using a scanning elec-
tron microscope (SEM) was used to ensure the purity of the
quartz sand and inductively coupled plasma mass spectrome-
try (ICP-MS) analyses were conducted to obtain information
on trace elements. We furthermore present a brief and eas-
ily to apply luminescence pre-characterisation routine using
thermally stimulated luminescence (TL) and optically stim-
ulated luminescence (OSL) measurements. Additional OSL
laser scanning investigates the grain to grain variation in lu-
minescence response.

The characterisation and homogeneity testing reported
here have been used in formal interlaboratory validation
studies (e.g., Sanderson et al., 2003a,b,c,d), but do not seem
to have been adopted to the same extent, so far, in geochrono-
logical applications of luminescence methods. However, we
believe that such (pre-) characterisation is indispensable to
avoid ambiguities later in the research project. It is further-
more a cornerstone to combine research results from differ-
ent labs, without worrying about the sample to sample differ-
ences biasing the conclusions. We structured the manuscript
as a workflow paper, with information on the equipment used
given in the corresponding sections. The general preparation
and characterisation workflow is shown in Fig. 1.
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Figure 2. Thermoluminescence glow curves from the quartz fraction
before annealing. Net curves after reheat subtraction recorded at
5 K s−1 using a SUERC manual TL reader from the natural signal
and a 1 Gy regenerated signal.

2. Sample origin and description

The material selected originates from the Oligocene
Fontainebleau Sandstone Formation (Formation des Sables
de Fontainebleau) in France. These sediments were de-
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posited during the time of the last marine intrusion into
the Paris Basin (the Stampian Sea, or Sea of Estampes) ca.
35 Ma ago (e.g., Grisoni & Thiry, 1988). The sand itself is
usually extracted in large quantities by surface mining from a
coastal palaeo-dune system, which reaches a mean thickness
of ca. 50 m (max. 100 m; Thiry & Marechal 2001). Thiry
& Marechal (2001) distinguish three diagenetic facies: (1)
plateau sands and sands at the edge of valleys, which are al-
most composed of pure quartz, (2) sands beneath the plateaus
containing clays and traces of feldspars and (3) sands from
below the water-table containing, amongst others, feldspar,
carbonates and organic matter. For more detailed informa-
tion see El Bied et al. 2002; Thiry & Marechal 2001; Robin
& Barthélemy 2000; Grisoni & Thiry 1988. Due to its high
purity (quartz concentration > 99%; e.g., Saadi et al. 2017;
Thiry et al. 1985; Bourbie & Zinszner 1985), Fontainebleau
sand is preferred in industrial glass production. After mining,
the sand for this purpose undergoes a pre-treatment, consist-
ing mainly of chemical washing and density separation (cf.
Bouniol, 2013).

Five kilograms of the ’Sable de Fontainebleau’ were pur-
chased in 2005 by SUERC from Merck Eurolab (nowadays:
VWR). The material was characterised together with a se-
ries of other commercial quartz samples, to select materials
which could be sensitised for use as OSL-D materials. This
preliminary screening work confirmed that the material had
high sensitivity TL and OSL with well-defined low tempera-
ture (< 300 ◦C) and high-temperature TL (> 300 ◦C) peaks.
Both OSL and the low-temperature TL signals exhibit pre-
dose sensitisation. A retained portion of 800 g of the sieved
150–250 µm fraction was available at SUERC, and this was
selected for this study. The supplier label of the material
did not include specific batch numbers or give details of the
Merck processing of the product before purchase.

However, TL and OSL analysis of the raw input material,
as well as the sieved fractions, shows the presence of geo-
logical residual signal. The presence of this residual geolog-
ical signals in the material had been noted in the exploratory
work conducted by Burbidge in 2005 (unpublished). Fig-
ure 2 shows the TL signals associated with this geological
dose, and the shape of a 1 Gy regenerated response recorded
with a manual TL reader at SUERC. It displays the high tem-
perature residual signal (equivalent dose approximately 400–
500 Gy based on the 340–360 ◦C signal integral) and the re-
sponse to a 1 Gy dose read without preheat. The curves are
net curves following reheat. The natural curve confirms that
the sample had not been significantly heated prior to receipt,
gives an indication of the shape of the high temperature TL
signals, and suggests that deeper trap signals above 500 ◦C
may also be present. The regenerated curve shows initial
phosphorescence, the post irradiation delay being approxi-
mately 300 s and the low temperature peaks corresponding
to nominal 110 ◦C , 150 ◦C and 210 ◦C signals. All of these
peaks respond to pre-dose sensitisation, whereas the sensiti-
sation of the higher temperature (e.g., 325 ◦C) peaks is mini-
mal and hardly visible.

Additionally, high-resolution γ-ray spectrometry analysis

Figure 3. Pan view through an optical microscope with a magnifi-
cation of 30 x. Note the grains with inclusions and coloured grains.

was conducted on the raw material, but not published so
far. For this, 100 g were counted for 50 ks on a shielded
(50 % relative efficiency) Ortec Gamma-X spectrometer at
the SUERC. Weighted analysis of the main U and Th series
γ-lines were used to obtain activity per mass and concen-
tration data (Table 1). See Sec. 8 for a discussion of these
results.

Table 1. High-resolution γ-ray spectrometry analysis results (bulk
sample).

Source Activity Concentration
[Bq kg−1] [ppm]

K 5.979 ± 4.413 190 ± 140
U 0.757 ± 0.202 0.061 ± 0.016
Th 1.369 ± 0.227 0.337 ± 0.056
Net data were derived after background subtraction and quantified rel-
ative to the SUERC Shap granite standard presented in a matched ge-
ometry. Quoted uncertainties combine sample, background and stan-
dard measurements, plus the uncertainties of the reference data. Sample
counting statistics dominates the stated errors.

3. Magnetic separation
Our sample preparation design for the Fontainebleau (FB)

quartz aimed to avoid any chemical treatments. In particu-
lar, we did not treat the samples with HF, since we wanted
to avoid modifications of the surface condition of quartz
grains, or other malign effects on the grain shape (e.g., Po-
rat et al., 2015). Visual inspection under low power optical
microscopy revealed mainly milky and clear quartz grains,
a few coloured grains and potentially some opaque heavy
minerals. The latter contamination was hardly visible using
optical microscopy (cf. Fig. 3). To remove heavy miner-
als without applying heavy liquids for density separation and
to roughly quantify their abundance, a magnetic separator
(Frantz, LB-1) was used to purify the sample further. Porat
(2006) gives details on this method. The magnetic separation
was performed using a current of 1.5 A for the magnetic field
(ca. 2 T), a slope of 7 ◦ and a tilt of 5 ◦ for the chute. After
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Figure 4. SEM pan view (A) and selected example spectra for three grains (B, C, D). No major impurities were observed.

four runs with half of the available material, visual inspection
showed that black or dark grains were slightly enriched (sup-
posedly heavy minerals) in the separated magnetic fraction.
Both fractions (’magnetic’ and ’non-magnetic’) were subse-
quently analysed using backscattered electron microscopy to
see whether heavy minerals were present. The magnetic sep-
aration procedure was later repeated at least ten times, fol-
lowing a first SEM inspection using the fraction enhanced in
magnetic grains.

4. SEM inspection

We used scanning electron microscopy in backscatter
mode (using the Hitachi S-3400N SEM in the SUERC lu-
minescence lab, electron beam: 20 keV), coupled to X-ray
spot analysis (Oxford instruments INCA system) to manu-
ally analyse the magnetic fraction (suspected to be enriched
in heavy minerals) and the purified non-magnetic fraction.
However, no differences were found between the two frac-
tions, and therefore they were not further separated for fol-
lowing analyses. Figures 4 and 5 summarise the results of the
SEM inspection. We found mainly pure quartz grains with
rounded and sub-rounded shapes, although diverse forms and
surface textures (sub-angular) were observed (cf. Powers,
1953, for a roundness scale). The observed grade of round-
ing is likely to reflect the diverse origin of the sample ma-
terial. There was no substantial indication of effects from
any prior chemical treatment by the supplier (cf. Figs. 4 and
5). The major elemental composition of the inspected grains
was dominated by SiO2. A small minority of grains showed
Zr and Ti-bearing inclusions (Figs. 5A, 5C). We also found
fragments of Ca and S (Fig. 5B), which are believed to re-

main from the sample pre-treatment by the supplier. Con-
sidering the constraints of the subsampling by SEM, quali-
tatively it can be said that the sieved sand is a high-purity
quartz-dominated sample, as expected. The minor impurities
and potentially diverse quartz textures are generally consis-
tent with other work on the Fontainebleau Sandstone Forma-
tion (e.g., El Bied et al., 2002). No quantitative mineralogical
analysis was performed.

5. Annealing and packing

After SEM inspection, the sample material was annealed,
in air, in a muffle furnace to remove residual luminescence
signal. The material was annealed in a zirconium crucible,
with closed lid, placed on a metal plate on ceramic pillars in
the centre of the preheated furnace. The temperatures of both
the metal plate and the sample material were monitored using
separate logged thermocouples. Figure 6 shows the temper-
ature of the plate below the zirconium crucible and the tem-
perature of the thermocouple embedded in the quartz sand
sample. The furnace had been preheated to 470 ◦C before
introducing the material. It took ca. 50 min before the sam-
ple temperature converged with the temperature recorded by
the oven itself. In total, the sample was annealed for 82 min,
while the temperature of the quartz itself was held at 490 ◦C
for 30 min (indicated by the vertical lines in Fig. 6). Sub-
sequently, the crucible was allowed to cool rapidly to room
temperature outside the oven. This annealing cycle aimed
to remove the geological TL and OSL signals without cross-
ing the quartz α- to β -phase transition, and without fully de-
pleting deep traps that might have de-sensitised the lumines-
cence.
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Figure 5. SEM close up. Three grains were exemplarily selected;
detected major elements are indicated in the inset graphs. The fol-
lowing impurities were verified: Zr (A), Ca, S (B) and Ti (C). The
majority (ca. 99 %) of the inspected grains consisted only of Si and
O.

After annealing, the sample material was homogeneously
divided into ten batches packed into two tubes (A and B)
of ca. 4 g each (in total twenty subsamples). While tubes
labelled ‘A’ were distributed amongst the collaboration part-
ners, tubes labelled with ‘B’ were retained at SUERC in case
of loss in transit and for a later cross-check. A further quan-
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Figure 6. Temperatures recorded during annealing of the
Fontainebleau quartz. Vertical lines indicate the time while the
metal plate and the sample were held at similar temperatures for
30 min. The oven had been preheated to ca. 470 ◦C before loading.
The sudden temperature decrease at the beginning was caused by
the loading process.

tity of unpacked annealed material has also been retained.
Each of the 40 subsamples was then subject to luminescence
screening to determine the extent of homogeneity prior to
distribution.

6. Luminescence screening

6.1. Equipment

Before distribution, the luminescence properties of the
annealed quartz samples were investigated. Two aliquots
were prepared from each ’A’ and ’B’ subsample of the
packed material, making a set of 40 aliquots in total. The
grains were dispensed onto 9.6 mm diameter and 0.25 mm
thick cleaned stainless steel discs using Electrolube Sili-
cone Grease. It is estimated that the weighed aliquots com-
prised ca. 260–290 grains (estimated using the function
calc AliquotSize(); Burow 2017 from the R package
‘Luminescence’). Measurements were done using a Risø
DA-15 TL/OSL reader equipped with a 90Sr/90Y β -source
delivering ca. 0.1 Gy s−1 to quartz coarse grains (100–
250 µm). Luminescence was recorded through a 7.5 mm
Hoya U340 filter, while stimulating the sample either with
blue LEDs (470± 5 nm at ca. 24 mW cm−2) or an infrared
laser (830 nm at ca. 90 mW cm−2). The data analysis pre-
sented here was carried out using the R (R Core Team, 2017)
package ‘Luminescence’ (Kreutzer et al., 2012, 2017). The
R script used for analysing the luminescence measurements
is provided as supplementary data.
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Figure 7. Luminescence screening results of the Fontainebleau quartz. Shown is a comprehensive plot comprising the signals of all measured
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induced by irradiation cross-talk within the luminescence reader. For further details see main text.
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Figure 8. Luminescence screening results for one sub-sample (the first two aliquots measured). These results further emphasise that the small
TL peak in Fig. 7A is likely resulting from cross-irradiation within the reader, since the first curve ever measured is unaffected. Intensity
differences are believed to be usual inter-aliquot scatter.

6.2. Sequence
Two aliquots were prepared from each batch (‘A’ and ‘B’,

40 aliquots in total). Our rapid luminescence screening se-
quence comprised the following steps:

A. TL to 500 ◦C with 5 K s−1 (reader background subtrac-
tion)

β -irradiation for 20 s (∼ 2 Gy)

B. TL to 160 ◦C with 5 K s−1 (reader background subtrac-
tion)

C. IRSL at 50 ◦C for 20 s (60 % LED power)

D. OSL at 125 ◦C for 20 s (60 % LED power)

E. TL to 500 ◦C with 5 K s−1 (reader background subtrac-
tion)

6.3. Results
The summary of all measured curves is shown in

Figs. 7A–E. The horizontal order follows the screening se-
quence (steps A to E). Each plot shows the results of all
measured 40 aliquots. After annealing, first a TL resid-
ual measurement up to 500 ◦C was conducted. Fig. 7A

reveals a small initial low-temperature TL signal at ca.
150 cts K−1 for 32 out of 40 measured aliquots. In con-
trast, the aliquot on position 1 (first measured aliquot) did
not show this signal (Fig. 8, TL-initial, black curve). Thus,
we conclude that irradiation cross-talk induced these small
TL signals within the luminescence reader (e.g., Bray et al.,
2002). The relative irradiation cross-talk of this signal is
0.045 ± 0.025 % and corresponds to the findings by Bray
et al. (2002) (0.0055 ± 0.012 %).

In Fig. 7B the response of the so-called 110 ◦C UV
TL peak following irradiation with a dose of ca. 2 Gy is
shown. Exact peak positions vary from aliquot to aliquot,
reflecting variations in thermal contact from disc to disc
in the reader. The mean nominal temperature for this
peak was 127 ◦C (range: 116◦C to 137 ◦C). The results
show a 110 ◦C UV TL peak sensitivity of the material from
ca. 22,000–160,000 cts Gy−1 for the ca. 260–290 grains
(roughly 30,400 cts Gy−1 mg−1) placed on each disc, if mea-
sured with a heating rate of 5 K s−1. Further TL peaks (step
E) were found at 200◦C (range: 187◦C to 219 ◦C) and 250 ◦C
(mean: 248 ◦C, range: 230 ◦C to 276 ◦C). No further UV TL
signal, e.g., at ca. 325 ◦C was found, presumably due to its
lower sensitivity in comparison to the peaks at lower temper-
ature.
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All aliquots showed a weak IRSL signal in the UV-band
(Fig. 7C). The weak correlation between the integrated OSL
and IRSL signal of r = 0.21 (cf. Fig. S3, supplement) sug-
gests that the IRSL signal is caused by mineral phases other
than quartz. However, the IRSL signal is in 39 out of 40
cases < 1% (mean: 0.4 %; extreme value: 1.5 %) of the cor-
responding blue-OSL signal (Fig. 7D) and with this consid-
ered being negligible. The signal integration range was sim-
ilar for IRSL and OSL.

6.4. Further analysis
The presented measurement data were used to further

characterise the Fontainebleau quartz by post-processing. Of
particular interest are: (A) TL peak position distribution,
(B) TL peak intensity distribution, (C) TL peak intensity vs.
IRSL intensity and (D) TL peak intensity vs. OSL intensity.
The TL peak position was determined semi-automatically,
selecting the intensity maximum of each peak in a given
temperature range (1–220◦C and 230–500 ◦C). The peak in-
tensity was derived from the sum of the intensity of the
±5 channels (1 channel := 1 K) around the maximum. The
intensity values for the IRSL and blue-OSL signal were ob-
tained from the full shine-down curves (no background sub-
traction) and plotted against the TL peak intensities on a log-
arithmic scale. The above described analysis was performed
for all identified UV TL peaks (110 ◦C, 200 ◦C and 250 ◦C).
The full analysis is given in the supplement.

Figure 9 shows the results for 110 ◦C TL peak. The peak
intensities are slightly positively skewed, but without any
extreme value. IRSL signal and 110 ◦C TL peak intensi-
ties are not correlated (r = 0.132), while a positive correla-
tion (r = 0.945) was observed for blue-OSL and 110 ◦C TL
peak intensity, as expected from previous investigations (e.g.,
Aitken & Smith, 1988; Murray & Roberts, 1998; Kiyak et al.,
2008). In contrast, for UV TL peaks at higher temperatures
(200 ◦C and 250 ◦C), IRSL and blue-OSL are positively cor-
related with the corresponding TL peak intensities (Figs. 10
and 11). Mineral phases other than quartz may cause this
signal correlation, although the TL peaks show no obvious
contamination by, e.g., K or Na-feldspar.

7. OSL laser scanning

To give a preliminary view of the extent of homogeneity
at grain to grain level, a pattern of grains was dispensed
on a stainless steel disc, β -irradiated with approximately
20 Gy dose, preheated for 30 min at 50 ◦C and than subjected
to OSL laser scanning using the system described by
Sanderson et al. (2004). An area of 1 cm2 was scanned with
1 s OSL data recorded on a 100 µm matrix. Figure 12A
shows the resulting colour coded image in pixellated form,
Fig. 12B shows a backscattered electron image of the
sample disc, indicating the positions of individual grains
within the pattern, and Fig. 12C shows the log frequency
distribution of the 4,250 pixels containing the pattern FBQ
(Fontainebleau Quartz). Empty pixels form the histogram

background peak at ca. 50–100 photon counts, with the
distribution from approximately 100 counts to 5,000 counts
containing data from grains. Figure 12D shows a 3D view
of the same data. The data imply that there is a variation of
luminescence response from grain to grain of slightly more
than one order of magnitude. Additional studies using sin-
gle grain readers would be needed to characterise this further.
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object, (C) Histogram of the 4,280 pixels containing the grain image
FBQ, (D) 3D view of the scanned image.

8. ICP-MS analysis
Along with the luminescence screening, for one sub-

sample (FB2A) ICP-MS analyses were carried out at the
IRAMAT-CRP2A in Bordeaux. The analyses aimed at
identifying and quantifying trace elements in the sample.
The 1.38 g of sample material were conditioned for the
ICP-MS measurement applying HCl (12 mol/l) and HNO3
(16 mol/l). The solution was further prepared using 3 cycles
of treatment with HF (40 %, 3 ml) and HClO4 (72 %, 1 ml).

Table 2. ICP-MS results sample FB2A
Element Concentration [ppm]
K 35.0 ± 1.2
Th 0.333 ± 0.015
U 0.149 ± 0.007

The results of the ICP-MS analysis are listed in Table 2.
In contrast to the previously carried out high-resolution γ-ray
spectrometry (100 g), the amount of investigated material is
small and variations due to the subsampling are likely. Th
concentrations are in agreement with the findings from the
γ-ray spectrometry (0.337 ± 0.056 ppm), but still circa twice
as high as the average value reported by Vandenberghe et al.
(2008) for purified quartz. The U concentration obtained by
ICP-MS for the sample (not to be mixed up with internal
trace element concentration of ’pure’ quartz grains) is an or-
der of magnitude higher than reported by Vandenberghe et al.

27



Kreutzer et al., Ancient TL, Vol. 35, No. 2, 2017

0 50 100 150

0
10

00
00

20
00

00
30

00
00

TL Peak Selection

(5 K/s)
Temperature [°C]

T
L 

[c
ts

/°
C

]

110 °C TL Peak Intensity

TL intensity [a.u.]

D
en

si
ty

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

4.e+05 1.e+06 3.e+06

●

●

●
●

●

●●

●
●

●

●

●●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

100 500 2000

50
00

00
10

00
00

0
25

00
00

0

110 °C TL vs. IRSL Intensity

IRSL intensity [a.u.]

T
L 

in
te

ns
ity

 [a
.u

.]

r = 0.132

●

●

●
●

●

●●

●
●

●

●

●●
●

●

●

●
●

●

●
●
●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

1e+05 5e+05

50
00

00
10

00
00

0
25

00
00

0

110 °C TL vs. OSL Intensity

OSL intensity [a.u.]

T
L 

in
te

ns
ity

 [a
.u

.]

r = 0.945

Figure 9. 110 ◦C TL peak intensity plots. Shown are (left to right): (1) all measured 110 ◦C TL peaks (cf. Fig. 7B) with identified peak
positions marked with red vertical lines, (2) histogram of the logarithmised intensity of the 110 ◦C peak (peak ± 5 channels), (3) scatter plot
of the logarithmised TL peak intensity vs the logarithmised IRSL intensity, (4) scatter plot of the logarithmised 110 ◦C TL peak intensity vs
the logarithmised OSL intensity. The 110 ◦C TL peak intensity correlates positively with the OSL intensity (r = 0.95), while no correlation
was found between 110 ◦C TL peak intensity and the IRSL intensity (r = 0.13).
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Figure 10. 200 ◦C TL peak intensity plots. The figure has a similar structure as Fig. 9 and the TL curves (first plot) refer to the results presented
in Fig. 7E. It appears that the logarithmised TL peak intensities positively correlate with the logarithmised IRSL and OSL intensities (r values
given as subtitles). However, the partly automatic peak selection algorithm might have biased the results since the peak search range was
preset and thus the peaks manually predefined.

(2008). However, similar or even higher U concentrations
for chemically untreated and treated samples were found by
Mejdahl (1987), De Corte et al. (2006) and Steup (2015).
Furthermore, the γ-ray spectrometry results (Table 1) indi-
cate that the U concentration for larger sample sizes is an
order of magnitude lower (0.061 ± 0.016 ppm). Thus, it ap-
pears likely that the few zircon inclusions contribute to the
U concentration found by the ICP-MS analysis, which could
perhaps be verified by sequential digestion or spatially re-
solved analysis if needed in the future. The K concentration
is consistent with the observations from SEM analysis. The
γ-ray spectrometry results (Table 1) list a larger K concen-
tration (190 ± 140 ppm), which appears to be more robust
and consistent with XRF data on Fontainebleau Sandstone
by Saadi et al. (2017) (K2O: 140 ± 4 ppm). Nevertheless,
our findings confirm the high purity of the quartz sample and
suggest that the sample does not contain significant quanti-
ties of K-feldspar.

9. Conclusions

A workflow to check purity and appropriate lumines-
cence behaviour of a natural reference quartz sample from
the Fontainebleau Sandstone Formation was presented. The
preparation and analyses comprised sieving, magnetic sepa-
ration, optical microscopy, SEM, ICP-MS, γ-ray spectrome-
try and luminescence screening.

The Fontainebleau quartz is composed of Si and O, since
it consists mainly of quartz. No significant contamination by
other minerals was found in SEM analysis apart from some
microinclusions of zircon and rutile and in a few grains some
surficial calcium-bearing phases. The bulk K concentrations
of only 35 ± 1.2 ppm (ICP-MS) and 190 ± 140 ppm (γ-ray
spectrometry on 100 g) indicates no apparent contamination
with K-feldspar. However, observed IRSL signals suggest
negligible (IRSL/OSL ratio < 1% in 39 out of 40 cases) UV
signal contribution by mineral phases other than quartz (e.g.,
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Figure 11. 250 ◦C TL peak intensity plots. The figure has a similar structure as Fig. 9 and the TL curves (first plot) refer to the results
presented in Fig. 7E. As in the previous figure the TL peak intensity appears to correlate with the IRSL and OSL peak intensities. However,
also in this case the observed correlation could be an artefact of the partly pseudo-automatic peak selection.

zircon). Luminescence screening confirmed the high lumi-
nescence sensitivity for the 110 ◦C TL peak for low doses
(here: 2 Gy) expected from the preselection work, as well
as the presence of the other two low-temperature pre-dose
sensitivity peaks. Two further UV TL peaks at 200 ◦C and
250 ◦C were identified. Glow curve shapes are generally well
reproduced, with peak position variations observed in rapid
screening measurements on the Risø reader attributed to ther-
mal contact variations. OSL sensitivities are in the order of
105 (cts s−1) Gy−1 after a TL preheat to 160 ◦C and IRSL
stimulation for 20 s.

The intensity variations from aliquot to aliquot have been
defined here and provide a baseline for future assessments
of interlaboratory variations. Sensitivity variations at single
grain level have yet to be determined in detail but are implicit
in the results of preliminary luminescence scanning work,
which suggests grain to grain variations covering at least one
order of magnitude. Grain textural (rounded, sub-rounded,
sub-angular) differences have been noted in the SEM data,
but they appear to be consistent with other work published
on the Fontainebleau Sandstone Formation. Overall we con-
clude that the reference sample is well suited for further
analyses within the collaborative group, and we have started
looking at the 110 ◦C TL peak characteristics, as well as at
individual examinations of other properties.
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