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Abstract
The calibration of any artificial β-source
attached to a luminescence reader is funda-
mental for the accuracy of luminescence dating
results. Here, we present calibration results
obtained for a β-source attached to a single
grain Risø reader in Bordeaux using a series
of quartz of different origins. The quartz was
irradiated with three different γ-irradiators.
An unexpected variability of the apparent dose
rates was observed and our results suggest that
the γ-irradiation is the main reason for this
variability. Further work is needed to clarify
the underlying reasons.

Keywords: Source calibration; luminescence
dating; quartz

1. Introduction

The calibration of any artificial β-source commonly at-
tached to a luminescence reader is a fundamental step for
applying luminescence dating methods. However, despite
its importance for the overall accuracy and comparability of
the results obtained across luminescence dating laboratories
worldwide, no calibration procedure largely validated and
performed by the luminescence community has been agreed
on during the last 30 years. As a consequence, each lumi-
nescence dating laboratory defines its calibration strategy,
although a few studies have drawn attention to difficulties
encountered with different materials and to sample specific
effects (e.g., optical attenuation), with the measurement pro-
cedures and with the physics of β-particles themselves, in-
cluding build-up and backscattering effects as well as non-
uniformity of the dose rate due to field gradients test (e.g.,
Aitken 1985 and references therein; Bell & Mejdahl 1981;

Göksu et al. 1995; Kadereit & Kreutzer 2013; Guérin & Val-
ladas 2014).

In practice, natural materials (e.g., quartz, flint, quartzite
pebbles, feldspars, calcite, . . . ) similar to those dated with
the luminescence methods are usually preferred for calibra-
tion (e.g., Pernicka & Wagner, 1979), although alternatives
based on artificial materials (e.g., Al2O3:C, CaF2) have also
been suggested in the past (e.g., Erfurt et al., 2001). Nowa-
days, quartz appears to be the most commonly dated natural
mineral with luminescence methods. Hence, using quartz for
β-source calibration appears to be a logical step, providing
its luminescence properties are suitable for high-precision
calibration work. To date, two types of ‘calibration quartz’
are commercially available: from the Risø National Labora-
tory (DTU Nutech) (Hansen et al., 2015, 2018), henceforth
named ‘Risø calibration quartz’ (RCQ), and more recently
from Freiberg Instruments GmbH (D. Richter, pers. comm.),
henceforth named LexCal2014 quartz (LCQ). In both cases,
batch numbers (#) are assigned to distinguish between cali-
bration materials prepared and irradiated at different times.

The RCQ and the LCQ, in conjunction with the single
aliquot regenerative (SAR) dose protocol (Murray & Wintle,
2000) provide a convenient way of obtaining dose rate
values for many laboratories worldwide. However, and
despite of the tests that have been carefully run on these
materials before they were shipped to the luminescence
community (Hansen et al. 2015; Hansen et al. 2018; D.
Richter, pers. comm.), this ‘commonly’ followed procedure
is not free from drawbacks and requires leaps of faith.
Underlying premises are: (1) the quartz luminescence
signals are stable over time, (2) their test dose response
corrections are accurate, (3) those quartz samples have a
suitable “average behaviour” (compared to other natural
quartz) and (4) they are highly representative. Furthermore,
Hansen et al. (2015, 2018) have shown that, for reasons
not yet fully understood, the variability of the calibration
dose rates obtained using different batches of the RCQ, or
within one batch for different periods of measurement, is
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much higher than expected: “any calibration can be up to
10% (95% probability) away from the mean” (Hansen et al.,
2015).

At the IRAMAT-CRP2A luminescence dating laboratory
in Bordeaux, the two commercially available ‘calibration
quartz’ samples are routinely measured for estimating
β-sources dose rates by applying SAR OSL. We repeat
these tests for each β-source attached to a luminescence
reader at least twice a year to verify the dose rates. The
average dose rate and the associated uncertainty for a given
source are determined from the entire (growing) time series.
Additionally, considering the potential limitations of these
two materials, quartz originating from various dating studies
have also been investigated recently.

In practice, whereas Hansen et al. (2015, 2018) focused
on multi-grain measurements and compared different
batches of the same quartz or, different quartz (or feldspars)
irradiated with the same facility, here we report single grain
measurements for all the quartz samples considered here:
RCQ, LCQ and quartz samples of different origins that were
γ-irradiated with different facilities.

Our contribution does not aim at discarding or favour-
ing a specific calibration material or γ-source but aims at
encouraging discussions on this important topic which we
believe to be of relevance for the upcoming Trapped Charge
Dating Association.

2. Material and Methods
Table 1 summarises the different quartz samples that

were used as calibration materials, and which are grouped
into three categories according to their provenance. Table 2
summarises central information available in the literature
for the employed γ-source facilities and the method used
for their calibration. At Munich and Risø, the air kerma is
deduced from measurements with an ionisation chamber,
calibrated against a primary beam. The air kerma for such
a beam is generally known with a high precision (< 0.5%)
and the facilities follow ISO standards (for Munich, e.g.,
Greiter et al. 2016). However, the geometry of the quartz
grain container differs as well as the mode of calculation
of the dose to quartz (analytic against numeric – Monte
Carlo Markov Chain). The γ-facility at the “Laboratoire
des Sciences du Climat et de l’Environnement” (LSCE,
Gif-sur-Yvette, France) is not directly calibrated with an
ionization chamber, but calibration results from comparisons
of TL signals (for quartzite pebbles) for this beam and a
secondary 60Co beam (Table 2).

Group (A). It includes five batches of RCQ (see Hansen
et al. 2015, 2018 for details about origin, preparation and
characteristics): #40, #90, #106 and #113, plus one batch
that was provided in 2013 but was not tagged with a specific
batch number; henceforth it will be called “#2013”. For
four out of the five batches, the granulometric fraction of Ta
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the quartz grains is 180 – 250 µm, but it is much smaller
(about 120 µm) for batch #40. For batch #106, both the
unirradiated and γ-irradiated (4.81 ± 0.14 Gy) fractions
were available whereas batches #40, #113, and #2013 were
limited to the irradiated fraction (4.81 ± 0.14 Gy). For #90,
only the 0 Gy (zero dose) fraction was usable, since the
4.81 Gy fraction had been exhausted for calibrating other
equipment. This fraction received a dose of 5 Gy (±3%)
using the γ-source facility of the LSCE (Valladas, 1978).

Group (B). This group consists of the first batch of
the LCQ provided by Freiberg Instruments GmbH (D.
Richter, pers. comm.). Two subsamples are available: one
had been irradiated (3.00 ± 0.06 Gy) with a 137Cs γ-source
“Buchler Gammakalibrator OB 20” at the IAEA/WHO
Secondary Standard Dosimetry Laboratory (SSDL) of the
Helmholtz Zentrum München (D. Richter, pers. comm.);
facility: Greiter et al. 2016) (henceforth termed ‘Munich’)
and a second subsample, not dosed, was also provided.

Group (C). This group combines eight different quartz
samples originating from four South African prehistoric
sites: Sibudu (SB7 and SB12), Bushman Rock Shelter
(BRS2), Umbeli Belli (UBB5 and UBB6), and Diepkloof
Rock Shelter (DRS5, DRS9 and DRS11) (e.g., Tribolo
et al., 2013; Soriano et al., 2015; Porraz et al., 2018; Bader
et al., 2018). All these samples have been naturally bleached
during the Middle Stone Age period and have then received
potentially measurable equivalent doses. Except for Sibudu
and Umbeli Belli, which are distant from each other only
by few tens of kilometres, the sites are separated by more
than 1,000 km. We therefore consider those quartz samples
as being of different origins. They are all bright and their
OSL signal is dominated by a fast component (checked with
LM-OSL (Bulur, 1996) measurements and compared to the
RCQ). For all of them, the 200 – 250 µm granulometric
fraction was available. The quartz samples were bleached
twice for one minute in a Hönle SOL500 solar simulator
with, at least, a pause of three hours between the two
bleaching steps. Each bleached sample was divided into
two subgroups: one was kept unirradiated and the other part
was sent to the LSCE for γ-irradiation. For calibrating our
β-source, we administered large doses between 30 Gy and
180 Gy (± 3%), which were chosen to be similar in size to
natural doses.

All quartz samples were mounted on single grain (SG)
discs facilitating 100 holes (theoretical diameter: 300 µm;
depth: 300 µm). All these discs are supposed to be identical;
however, they differ for several reasons: (1) SG discs tend
to become worn out over time, i.e. the coating degrades
and eventually falls apart. (2) Different batches of discs
bought at different times do not have precisely the same
characteristics, e.g., the diameters and depth of the holes
are larger for some batches (closer to 350 µm) than for the
other batches. To test the influence of the disc condition and
geometry on the apparent calibration dose rate we measured

one material (RCQ, #113) with different sets of discs: new,
old with small holes, and almost new with large holes.

All measurements were performed on a single machine
(and with a single carrousel): a Risø TL-OSL DA-20 single
grain reader (basic design: Bøtter-Jensen et al. 2000). A
10 mW Nd:YVO4 diode-pumped green laser (532 nm)
was used for stimulation and the luminescence signal was
detected with a PDM9107-CP-TTL photomultiplier tube
through a combination of Hoya U340 glass filters (3 x
2.5 mm). The β-source 90Sr/90Y attached to this reader
has a nominal activity of 1.2 GBq. The irradiation field
of this source revealed a non-uniformity that needs to be
corrected and taken into account for the data analysis. To
perform the correction, we used the software ‘CorrSGbin’
provided by DTU Nutech (Lapp et al., 2012). However, in
our experiments, we found that the mean dose rate appeared
to be unaffected by this correction (data not shown).

Before starting the calibration measurements, the effi-
ciency of the SAR protocol was systematically checked:
a β-dose was given by the source attached to the reader
to the unirradiated fractions (i.e. RCQ #106, LCQ, all the
South African quartz). When no unirradiated fraction was
available (for the RCQ batches #40, #113 and #2013), the
zero dose quartz of RCQ#106 was analysed, assuming that
all the RCQ batches would support the same protocol on
the same machine; a behaviour confirmed by our time series
calibrations. For each measured aliquot, the normalized
(Lx/Tx) OSL signals were fitted with a saturating expo-
nential: Lx/Tx = a ∗ (1− exp−(b+D)/D0), where D is the
regenerative dose and a, b and D0 are fitting parameters.
Table 1 summarises the parameters (preheat temperatures)
and measurements conditions (regenerative doses) applied
for each sample.

A series of rejection criteria were used for the grain se-
lection: (1) natural test dose signal at least 3 times above
background, (2) natural test dose relative error < 10%, and
(3) recuperation < 5% of the natural signal. Note that, ac-
cording to our own observations, the recycling ratio seems
not to be a key criterion as already suggested by, e.g., Guérin
et al. (2015) and Thomsen et al. (2016), and was thus not
used as a selection criterion. In addition, since for some of
our quartz samples the given dose is high (up to 180 Gy) and
may, therefore, induce signal saturation problems for some
of the grains, an additional criterion was applied based on
the saturation parameter D0 (cf. Thomsen et al., 2016).

For each series of measurements, the central dose model
(Galbraith et al., 1999) was applied for calculating the final
dose and hence, the apparent dose rate of our β-source.

The software Analyst (v4.52; Duller 2015) was used for
the data analyses. Plots were produced using the R (R Core
Team, 2018) package `Luminescence' (Kreutzer et al.,
2012, 2018).
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Figure 1. Abanico plot (Dietze et al., 2016) of the dose recovery ratio. Different samples are colour coded. Circles display samples irradiated

at Risø; rectangle show samples irradiated at the LSCE; triangles are used for samples irradiated at Munich.

3. Results
Results are presented in Table 3 and in Figures 1 and 2.

Except for one case (RCQ#106 from September 2017), the

dose recovery ratios are consistent with unity or within 5%

of unity. The central1 ratio for all the data is 1.02 ± 0.01 with

an overdispersion (OD) of 3 ± 1% (Fig. 1).

The apparent dose rates deduced from the cali-

bration measurements show a significant dispersion

(0.115 ± 0.002 Gy/s, OD 7 ± 1%). Two dose rate groups

can be distinguished: the first includes the LCQ (irradiated

in Munich), all the South African quartz samples and the

RCQ #90 irradiated at the LSCE, as well as the RCQ #2013

1In all the data presented here, the differences between the arithmetic

mean and the central dose rates following Galbraith et al. (1999) are negli-

gible.

(irradiated at DTU Nutech) (central dose: 0.122 ± 0.001

Gy/s, OD: 2 ± 1%). The second group includes the RCQ

#113, #40 and #106 and potentially, two south African

quartz samples having a lower precision (SB7 and DRS5)

(central dose: 0.107 ± 0.001 Gy/s, OD: 2 ± 1%). The 14%

difference between the central dose values for these two

groups is statistically significant (two-sided paired t-test,
p-value: < 0.01).

Note 1: Additionally, we have performed a few multi-

ple grain measurements on other readers with similar results.

To keep the text concise, only the SG measurements for one

reader are reported.

Note 2: The 12% discrepancy between one of the RCQ

(#2013) alone and the other RCQ (#40, #106, #113) is con-

sistent with those reported by Hansen et al. (2015, 2018).
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Figure 2. Abanico plot (Dietze et al., 2016) of the obtained calibration dose rates. Different samples are colour coded (similar to Fig. 1).

Circles display samples irradiated at Risø; rectangles show samples irradiated at the LSCE; triangles are used for samples irradiated at

Munich.

4. Discussion

The mean sensitivity changes vary for all samples ex-

cept for RCQ#2013, between 0.7 ± 0.2 and 1.5 ± 0.5 (ra-

tio of last and first test dose signal; Table 3). As expected,

they are similar for the non-irradiated and the correspond-

ing γ-irradiated samples. This is unfortunately not true for

RCQ#2013 whose mean sensitivity changes are significantly

higher (4.1 ± 3.2 and 3.3 ± 1.6). This weakens the use as

a surrogate for dose recovery test of RCQ#106 and might

explain partly why this RCQ quartz gives an apparent dose

rate significantly different from the other RCQ. Except for

RCQ#2013, we did not observe correlations between the sen-

sitivity changes and the apparent dose rates (data not shown).

The consistency of the dose recovery ratio with unity and

the low OD observed there (3 ± 1%, compared to the 2 ± 1%

observed for each calibration group) suggests that neither

the protocol nor the stability of the equipment is responsi-

ble for the observed differences between the calibration dose

rates. The 2 ± 1% OD for each group may reflect small “be-

havioural” differences between the quartz samples.

The software CorrSGbin (Lapp et al., 2012) was ap-

plied to the data before the analyses to correct for the non-

uniformity of the β-radiation field of the source. Besides, the

grains that are selected for the apparent dose rate calculations

are sufficiently numerous and well spread over the discs, so

that any remaining effect of non-uniformity unlikely caused

the observed discrepancy. Figure 3 illustrates our assump-

tion for two examples: RCQ#113 irradiated with the Risø

γ-source, and RCQ#90 irradiated in LSCE. All the positions

are covered and for a large majority of them, the apparent

dose rates of the RCQ#90 are larger than the apparent dose

rates of the RCQ#113.

For the first group of calibration dose rates, the consis-

7
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Figure 3. Plot of the apparent dose rate as a function of the grain position on the disc (numbered from 1 to 100). Red dots: RCQ#113,

irradiated 4.81 Gy at Risø; turquoise dots: RCQ#90 irradiated with 5 Gy at Gif-sur-Yvette. Error bars represent the individual standard

error of each value. While the dose rates between the two batches differ significantly, the variation between the grain positions appears to be

random, with a very small increase towards grain position 100.

tency of the results suggests that neither the provenance of

the quartz (see also Hansen et al. 2018) nor the value of

the artificially given dose (and potential saturation problems)

σ

σ σ

Figure 4. Isoline plots showing the impact of the uncertainty on

the calibration dose rate on the final standard error on the age, for

various values of
√
(
(

σḊ
Ḋ

)2
+
(

σDe
De

)2
)

is responsible for the observed discrepancy. For the second

group of calibration dose rates which includes #40 (smaller

diameter of quartz grains, implying more than one grain per

hole) and all the measurements made with different type-

s/qualities of SG discs (#113), we deduce that neither the

grain size (ca. 100 μm vs ca. 200 μm), nor the condition of

the SG discs is responsible for the observed variability.

Consequently, according to our measurements and obser-

vations, it seems that the primary source for the discrepancy

between the two groups of apparent dose rates is the γ-dose

delivered by the three irradiation facilities.

For most dating applications, a discrepancy of 14%

between two estimates of calibration dose rates is hardly

acceptable since a similar offset would be observed in

resulting luminescence ages and such value is larger than the

average age uncertainties of ca. 9% usually reported (Q0.25:

6.8%, Q0.75: 12.7%, nvalid = 3,484; source: INQUA Dune

Atlas, Lancaster et al. 2015). Nonetheless, based on the

results presented here, it appears that the current systematic

uncertainty of 2% to 4% for the calibration dose rate usually

reported might be underestimated.

Since the standard error (SE) of the source calibration im-

pacts all individual doses similarly measured with one reader,

it may be considered as a systematic error (cf. Aitken, 1985).

To obtain the final standard error for a luminescence age, the

following equation can be used:
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(
σA

A

)2
=
(

σḊ

Ḋ

)2
+

(
σDe

De

)2

+

(
σDCAL

DCAL

)2

where σA is the total absolute uncertainty of the age A,
σḊ

2 is the quadratic sum of the absolute systematic and
statistical uncertainties of the environmental dose rate Ḋ,
σ2

De is the quadratic absolute uncertainty of the equivalent
dose De, and σ2

CAL is the quadratic systematic absolute un-
certainty on the calibration dose rate Dcal. Figure 4 dis-
plays plots of σA

A as function of
σDCAL
DCAL

for various values

of √(
(

σḊ
Ḋ

)2
+
(

σDe
De

)2
) (termed SE(Age) in Fig. 4), from

2.5% to 20%. For example, if this quantity is 10% and the
relative uncertainty of the calibration dose rate, σCAL

Dcal , is 7%
instead of 3%, it would imply an increase of the coefficient
of variation on the age of ca. 17%, from 10.4% to 12.2%.
Whether this is acceptable or not depends on the chronologi-
cal context. Nonetheless, contrary to the various factors used
in the age equation for which the uncertainty is both diffi-
cult to evaluate precisely, and/or difficult to reduce (water
contents, dosimetric heterogeneity, long-term luminescence
signal behaviour issues etc.), it seems that the uncertainty
of the calibration dose rate could be improved and properly
handled.

5. Conclusion
By using a series of different quartz samples (‘calibration’

quartz commercially available and quartz samples prepared
at the IRAMAT-CRP2A), we performed SAR OSL measure-
ments that aimed at determining apparent dose rates for one
of our in-built β-source. High variability was observed, and
our experiments lead us to conclude that the doses deliv-
ered by different irradiation facilities might not be compa-
rable (two groups with a different apparent dose rate of ca.
14%). As a consequence, our observations, in conjunction
with those already reported by Hansen et al. (2015, 2018),
suggest that the systematic error of 2% to 4% for the calibra-
tion dose rate usually reported by the luminescence dating
community in dating studies might be underestimated. The
source of the observed discrepancy needs to be further in-
vestigated. At the IRAMAT-CRP2A, we will continue our
investigations with samples irradiated by more than the three
here already compared γ-irradiators.
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Abstract
In order to evaluate the suitability of minerals
other than quartz and feldspar for lumi-
nescence dating of sediments, luminescence
properties from almandine and kyanite rele-
vant for dosimetry such as luminescence signal
stability, bleachability by sunlight exposure,
and dose response are investigated. Ther-
moluminescence (TL) signals (UV emission)
from almandine aliquots present athermal
instability for the entire tested TL temperature
range (25 – 450 °C). Almandine also presents
a significant infrared stimulated luminescence
(IRSL), post-infrared IRSL (post-IR IRSL)
and optically stimulated luminescence (OSL)
(blue stimulation and UV detection) signals.
Kyanite aliquots show a TL glow curve (UV
emission) characterized by four distinct peaks
at temperatures of around 90, 170, 220 and
325 °C. The 325 °C TL peak seems to be stable,
without significant decay after 6.8 hours of
storage at room temperature (25 °C). Kyanite
aliquots did not yield significant IRSL or
post-IR IRSL signals, but OSL is observed
in the UV detection window. Fading tests
for the OSL signals resulted in g-values of
15.8 ± 2.8 %/decade for almandine and 21.2 ±
11.6 %/decade for kyanite. The OSL signals
are bleachable by sunlight with 34% to 50%
of signal remaining after 5 minutes of light

exposure. Both minerals yielded dose recovery
ratios close to unity (given dose of 100 Gy) and
the dose response curves had a high D0 values
of around 800 Gy.

Keywords: Thermoluminescence; IRSL;
OSL; Almandine; Kyanite; Luminescence
dating

1. Introduction

Although quartz and feldspar are the major components
of terrigenous sediments, the heavy mineral suite (density
>2.85 g/cm3) includes several minerals whose luminescence
properties have been poorly investigated for dating purposes.
In this context, silicates from the garnet group such as al-
mandine (Fe3Al2(SiO4)3, ~ 4.31 g/cm3) and aluminosilicates
such as kyanite (Al2(SiO4)O, ~ 3.67 g/cm3) are typical min-
erals in the heavy mineral assemblage of sands worldwide
(Morton & Hallsworth, 1994, 1999). Both minerals occur in
metamorphic rocks that experienced medium to high pres-
sure and temperature conditions (100 – 2000 MPa and 200 –
1000 °C) equivalent to greenschist and eclogite facies (Deer
et al., 2013). These rocks are common sources of sediments
in cratonic geological settings like Brazil (Almeida et al.,
2000). Almandine and kyanite show high resistance to phys-
ical and chemical weathering in comparison to other com-
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Figure 1. Almadine (A) and kyanite (B) grains under the optical microscope. XRD spectra of studied almandine (C) and kyanite (D) samples.
E) Scanning electron microscope image (secondary electrons detector, left) from grains of almandine and energy dispersive spectrum (right)
showing the chemical composition corresponding to the points highlighted in the images at left.

mon heavy minerals such as pyroxene and amphibole (Mor-
ton & Hallsworth, 1999). This property allows their transport
over long distances and preservation in sediments. Detrital
grains of almandine and kyanite typically account for be-

tween 5 and 20% of the heavy mineral suite of sands (Morton
& Hallsworth, 1999; Rimington et al., 2000; Guedes et al.,
2011; do Nascimento Jr et al., 2015).

Among the few studies on luminescence signals of heavy
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Step Procedure
1 Dose Dx
2 Preheat at 200°C for 10s
3 Blue stimulation at 125°C for 40s (Lx)
4 Test dose Dt
5 Preheat at 160°C for 0s
6 Blue stimulation at 125°C for 40s (Tx)
7 Blue stimulation at 280°C for 40s
8 Return to 1

Table 1. Measurement protocol (Murray & Wintle, 2003) applied to
build dose response curves and estimate equivalent doses using the
OSL signal from almandine and kyanite.

minerals, Watanabe et al. (2015) demonstrated that heavy
minerals such as beryl and pyroxene show thermolumines-
cence (TL) signals with dose response curves reaching high
saturation doses (>1000 Gy) compared to quartz optically
stimulated luminescence (OSL) and feldspar infrared stim-
ulated luminescence (IRSL) or post-infrared IRSL (post-IR
IRSL) signals. However, the TL signals measured by Watan-
abe et al. (2015) as well as other previous studies that focused
on TL signals of heavy minerals such as synthetic diopside-
like crystals (Cano et al., 2008), kyanite (Souza et al., 2003)
and andalusite (Cano et al., 2011) did not evaluate the dose
response curves of luminescence signals corrected for sen-
sitivity changes, and no information was provided for OSL
or post-IR IRSL signals successfully used for luminescence
dating.

This contribution investigates TL, OSL, IRSL and post-
IR IRSL signals from almandine and kyanite. Particularly
for the OSL signal, this includes the evaluation of bleach-
ing performance, fading rates and dose response curves from
both minerals.

2. Materials and methods
The studied almandine and kyanite crystals were ob-

tained from the mineral collection of the Istituto di Geo-
scienze e Georisorse (Pisa, Italy). All samples were me-
chanically crushed and wet sieved to isolate the 180 – 250
µm grain-size interval. The purity of almandine and kyanite
concentrates were assessed by means of optical microscopy
(Fig. 1A, 1B) and X-ray diffraction (XRD) analysis (Fig. 1C,
1D). Scanning electron microscopy with energy dispersive
spectroscopy (SEM/EDS) showed that the studied almandine
grains contain relatively low amounts of magnesium. Since
iron was the most abundant cation found in the studied sam-
ples (Fig. 1E), in the following section, we will refer to the
mineral species as almandine for clarity.

Luminescence measurements were performed using a
Risø TL/OSL DA-20 reader equipped with a 90Sr/90Y beta
source, delivering a dose rate of 0.111 ± 0.003 Gy/s for discs
and 0.099 ± 0.003 Gy/s for cups. We highlight that these
beta source dose rates were determined using a quartz (2.65
g/cm3) calibration standard (Hansen et al., 2015) which has

lower density than almandine (~ 4.31 g/cm3) and kyanite
(~ 3.67 g/cm3). Nathan et al. (2003) found a difference of
~ 30% for the beta dose rates in steel (7.9 g/cm3) and glass
(2.65 g/cm3) spheres. Thus, the doses given in this study for
almandine and kyanite aliquots are apparent doses. The men-
tioned doses are not accurate and must be considered only for
evaluation of luminescence properties.

Optical stimulation used arrays of blue LEDs
(470 ± 20 nm) at 90% power density (~ 40 mW/cm2)
and IR LEDs (870 ± 20 nm) also at 90% power density
(~ 130 mW/cm2). Light emissions were recorded through a
Thorn EMI 9235QB photomultiplier. The OSL signal was
measured with blue stimulation and light detection in the UV
spectral range (290-370 nm) using a Hoya U-340 detection
filter. The IRSL and post-IR IRSL signals were measured
in the blue-violet window (340-480 nm) using a Corning
7-59 and Schott BG-39 filter combination. The TL emission
was recorded both in the UV and blue-violet windows.
Grains of almandine or kyanite were mounted on stainless
steel discs (9.7 mm diameter) and cups (11.7 mm diameter)
using silicone spray. Each aliquot contained ~ 500 grains
covering the entire disc or cup to maximize signal intensity.
Also, large aliquots minimize potential effects induced
by variation in composition (i.e. cation concentration) of
almandine grains from different aliquots.

After irradiating the almandine and kyanite aliquots with
doses of 50, 100, 500 and 1000 Gy, TL glow curves were
obtained in the UV and blue-violet detection windows.
TL measurements were performed from room temperature
(~ 25 °C) to 450 °C using a heating rate of 5 °C/s. In order
to assess the stability of TL peaks and detect athermal loss of
signal, or fading, aliquots from almandine and kyanite were
irradiated with 200 Gy and TL signals were measured after
storage at room temperature (~ 25 °C) for increasing times (0
to 6.82 hours) following an approach, similar to the fading
measurements for IRSL signals (Auclair et al., 2003). Ad-
ditionally, the response of TL signals to light exposure was
evaluated for both minerals. For this experiment, a 200 Gy
dose was administered to two aliquots of each mineral, which
were exposed to a solar simulator lamp for 0, 2.5 and 5 hours.

The presence of IRSL (at 50 °C) and post-IR IRSL signals
was checked for aliquots of almandine and kyanite. Aliquots
were irradiated with 50 Gy and preheated at 250 °C (60 s)
or 320 °C (60 s) for measurement of post-IR IRSL signals at
225 °C for 100 s (Buylaert et al., 2009) or at 290 °C for 200 s
(Buylaert et al., 2012), respectively.

The OSL decay curves (100 s of blue light stimulation at
125 °C) were recorded for aliquots irradiated with 100 Gy
and preheated for 10 s at temperatures of 25, 160, 200, 220,
260 and 300 °C. Linear modulated optically stimulated lu-
minescence (LM-OSL) curves were obtained by linearly in-
creasing the blue LED power intensity from 0 to 90% for
5000 s after giving a 200 Gy dose and a 200 °C preheat (10 s).
The preheat temperature applied in LM-OSL measurements
was defined after evaluation of the OSL signal depletion for
preheat temperatures from 25 to 300 °C. A preheat temper-
ature of 200 °C was used based on the intensity of initial
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emission of the OSL decay curve of both minerals. This
preheat temperature apparently eliminates less stable com-
ponents, but still preserves a detectable emission in the ini-
tial 1 s of the OSL decay curve, which is analogous to the
fast OSL component of quartz (Jain et al., 2003). The OSL
signal measured with a preheat treatment at 200 °C for 10
s and corrected for a test dose signal (Table 1) was used in
experiments to evaluate fading rate, bleachability and dose
response.

The OSL signal was calculated from the first second of
the OSL decay curve and the last 10 seconds were used as
background. Fading rates for the OSL signal were estimated
following Auclair et al. (2003). For this, three aliquots of
each mineral type were irradiated with a 300 Gy dose, pre-
heated to 200 °C and stimulated with blue LEDs after storage
times between 0.4 and 55 hours. Sensitivity variation be-
tween measurements was corrected by a test dose of 100 Gy.
In this study, g-values were calculated following Huntley
& Lamothe (2001) and normalized to a measurement delay
time of 2 days after irradiation.

The bleachability of the OSL signal was examined by ad-

ministering a dose of 50 Gy to aliquots exposed to a solar
simulator lamp from 5 minutes to 5 hours. Before each mea-
surement, the aliquots were preheated to 200 °C. The dose
response of the OSL signal was evaluated using a single-
aliquot regenerative (SAR) dose protocol (Murray & Wintle,
2003) as described in Table 1. The dose response curves were
built by administrating increasing doses (D1<D2<D3<D4) up
to 2500 Gy and a test dose (Dt) of 100 Gy to control sensitiv-
ity changes during consecutive measurements. A 0 Gy dose
(D5) was given to estimate recuperation and a repetition of
the first cycle (D6 = D1) to calculate the recycling ratio. A
single saturating exponential growth function was used for
fitting the dose response curves and calculation of charac-
teristic dose (D0). To assess the ability of OSL from the
studied almandine and kyanite aliquots to recover a known
dose under laboratory conditions, a dose recovery test was
performed for a given dose of 100 Gy and using the protocol
described in Table 1. Grain samples were exposed to light for
long time (> 1 year) during their storage as museum speci-
mens. The aliquots were further stimulated with blue light
for 200 s at 280 °C prior to dose recovery tests, ensuring the

Figure 2. TL glow curves for the UV (A) and blue-violet (B) emissions of almandine. C) TL glow curves recorded after different storage
times at room temperature (given dose of 200 Gy). D) TL glow curves recorded after different bleaching times under a solar simulator lamp.
Note that the same TL measurement (0 storage or bleaching time) is used as reference for both stability and bleaching tests. Successive
measurements were performed on the same aliquots.
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Figure 3. IRSL (at 50°C) and post-IR IRSL (at 225 and 290 °C)
signals from almandine. For the IRSL and post-IR IRSL signals
measured after a preheat of 320 °C, only the first 100 s of light
emission are shown. The preheat temperatures are shown in brack-
ets.

bleaching of signals from natural residual doses. The data
analysis were performed using the software Analyst (v4.52;
Duller 2015) and the R package `Luminescence' (Kreutzer
et al., 2012).

3. Results
3.1. Almandine

For the UV detection window, almandine TL curves
(Fig. 2A) exhibit a peak at 100 °C, more noticeable at lower
doses (50 Gy), followed by a broad peak from 150 to 350
°C, centered at about 220 °C. For doses higher than 100 Gy,
a broad TL peak appears centered in the 200 – 240 °C inter-
val, merging with the 100 °C peak and hindering the iden-
tification of other peaks. In the blue-violet detection win-
dow, TL peaks at 100 and 360 °C are recognized at doses
up to 100 Gy. At higher doses, the 360 °C peak is hidden
below the broad tail of the 100 °C peak (Fig. 2B). The TL
(UV emission) of almandine aliquots decays significantly af-
ter 0.5 hours of storage under room temperature, but this is
more notable for the 100oC TL peak (Fig. 2C). Regarding
the bleachability of TL in the UV emission, the 100 °C TL
peak was totally depleted after 2.5 hours of light exposure
(Fig. 2D). However, the high instability of this peak at room
temperature hinders the evaluation of its bleaching rate. Af-
ter 5 hours of light exposure, there is significant depletion
of the TL curve (25 – 450 °C) with a low intensity peak at
300 °C. Higher temperature TL peaks (> 200 °C) are highly
depleted when aliquots are exposed to light, pointing to a
significant bleaching (Fig. 2D).

Almandine shows significant IRSL and post-IR IRSL sig-
nals (Fig. 3). IRSL signals measured at 50 °C have a
lower intensity than post-IR IRSL signals measured at 225
or 290 °C.

The OSL intensity from almandine decreases with the in-
crease of preheat temperature (Fig. 4). OSL decay curves
measured after a preheat with temperature from 160 to

Figure 4. OSL decay curves of almandine measured for different
preheat temperatures (from 25 to 300 °C). Aliquots were irradiated
with 100 Gy.

300 °C display intensities (initial 1 s) almost 40 times lower
than OSL curve obtained without preheat (“room tempera-
ture preheat” of 25 °C) (Fig. 4). The LM-OSL curve shows
a well-defined peak in the first 100 s of light stimulation
(Fig. 5A). Deconvolution into discrete components suggests
the presence of four OSL components with photoionisation
cross-section values of 1.21 ± 0.13 x 10-17, 1.68 ± 0.18 x
10-18, 8.87 ± 2.8 x 10-20 and 6.23 ± 1.1 x 10-22 cm2.

Fading tests confirm the presence of athermal loss of
the studied OSL signal from almandine that can be well-
described as a logarithmic decay. The estimated average
g-value is 15.8 ± 2.8 %/decade (Fig. 5B). The OSL signal
decreases with light exposure (Fig. 5C). After 5 minutes of
light exposure, remaining OSL signals amount to 34% of
the initial signal (50 Gy). After 5 hours of light exposure,
the OSL signal remaining is 8% of the initial signal. The
dose response curve (Fig. 5D) of the OSL signal is well de-
scribed by a single-saturating exponential function, showing
relatively high saturation levels, with an average D0 value of
791 Gy (n=2). Dose recovery tests resulted in an average
calculated-to-given ratio of 0.98 ± 0.04 (for a given dose of
100 Gy), with aliquots yielding recuperation less than 0.1%
and an average recycling ratio of 1.07 ± 0.04 (Table 2).

3.2. Kyanite
In the UV emission, kyanite TL curves reveal peaks at 90,

170, 220 and 325 °C (Fig. 6A). The TL peaks at 170, 220
and 325 °C grow up to a dose of 1000 Gy while the 90 °C
TL peak reaches saturation at lower doses. TL curves of the
blue-violet emission resemble the TL in the UV emission,
with peaks at 90, 170 and 220 and a lower intensity peak at
325 °C (Fig. 6B). TL peaks (UV emission) of kyanite show
differential decay when aliquots are stored under room tem-
perature, with peaks at 90 and 170 °C presenting faster decay
(Fig. 6C). However, the 325 °C TL peak is relatively stable
for storage times up to 6.82 hours. Intensities of the 90, 170
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Figure 5. A) LM-OSL curve of almandine aliquot after a given dose of 200 Gy. Four OSL components resulted from deconvolution of the
LM-OSL curve. B) Athermal decay of the OSL signal, with calculated g-value. C) Bleaching behavior represented by decay of the OSL
signal in terms of light exposure time. D) Dose response curve showing the characteristic dose value (D0)

and 325 °C TL peaks were determined from integration in-
tervals of ± 20 °C centered at the corresponding TL peak
(Fig. 7). A lower decrease rate is observed for the TL peak
at 170 °C compared to the 90 °C TL peak (Fig. 7). As sug-
gested by observation of the TL glow curves, the 325 °C TL
peak shows stability under room temperature for the studied
time interval (Fig. 7). All observed TL peaks decays with
exposure to the solar simulator lamp (Fig. 6D).

IRSL and post-IR IRSL emission (blue-violet detection
window) from kyanite aliquots show negligible intensities,
impeding detection of signal over the observed background.
The OSL decay curves of kyanite aliquots have decreasing
intensities for higher preheat temperatures (Fig. 8). The LM-

OSL emission has relatively low intensity, with a low peak
at around 200 s. The low luminescence sensitivity of the
kyanite impeded the identification of individual OSL com-
ponents from the LM-OSL curves (Fig. 9A). Fading tests re-
sulted in variable g-values from 10.4 to 33.6 %/decade with
an average of 21.2 ± 11.6 %/decade (Fig. 9B). When ex-
posed to a solar simulator lamp, the OSL signal (50 Gy) pro-
gressively decreases, confirming its bleachability (Fig. 9C).
After 5 minutes of light exposure, the remaining OSL sig-
nal is around 50% of the initial signal. The remaining sig-
nal is 4% of the initial OSL signal after 5 hours of light
exposure. The dose response curve is well described by a
single-saturating exponential function (Fig. 9D), pointing to

Mineral Calculated dose
(Gy)

Calculated-to-given
dose ratio

Recuperation
(%)

Recycling ratio D0 (Gy)

Almandine 98.8 ± 4.4 0.98 ± 0.04 <0.1% 1.07 ± 0.04 791 ± 1
Kyanite 99.2 ± 9.3 0.99 ± 0.09 <0.1% 1.21 ± 0.16 1080 ± 139

Table 2. Summary of dose recovery test for a 100 Gy given dose. The results are the average of two aliquots. Measurement protocol described
in Table 1.
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Figure 6. TL glow curves for the UV (A) and blue-violet (B) emissions from kyanite aliquots. C) TL glow curves obtained after different
storage times at room temperature (given dose of 200 Gy). D) TL glow curves recorded after different bleaching times under a solar simulator
lamp. Note that the same TL glow curve is used as reference for both stability and bleaching tests. Successive measurements were performed
on the same aliquots.

an average D0 value of 1080 Gy (n=2). Dose recovery tests
present calculated-to-given dose ratio of 0.99 ± 0.09, with
aliquots showing negligible recuperation (< 0.1%) and aver-
age recycling ratio of 1.21 ± 0.16 (Table 2).

4. Discussion

Almandine and kyanite are common detrital minerals in
sandy sediments (Morton & Hallsworth, 1994, 1999) and
they can potentially record equivalent doses used to deter-
mine sediment burial ages. Furthermore, these minerals
are common in metamorphic rocks and their TL and OSL
properties can be explored for surface exposure dating (So-
hbati et al., 2012) and for low temperature thermochronol-
ogy (King et al., 2016). Previous difficulties in isolating spe-
cific heavy minerals for luminescence dating (van Es et al.,
2002) could be surpassed combining spatially resolved lu-
minescence measurements (Kook et al., 2015) and mineral
chemistry analysis using micro X-ray fluorescence methods
(Thomsen et al., 2018). In this study, almandine shows a

broad TL peak and IRSL and post-IR IRSL emissions, which
are analogous to the luminescence characteristics of feldspar
(Bøtter-Jensen et al., 1994; Blair et al., 2005). Kyanite has
several discrete TL peaks, located approximately at 90, 170,
220 and 325 °C, as well as absence of IRSL emission, resem-
bling the luminescence characteristics of quartz (Krbetschek
et al., 1997). TL signals from almandine aliquots show in-
stability as their TL intensities decreases with storage time at
room temperature. Kyanite also presents unstable TL peaks,
with exception of the TL peak at 325 °C. Both minerals
present TL peaks sensitive to light. The TL glow curve from
kyanite (Fig. 6) presents a behavior similar to quartz TL as
it also displays a so-called “Rapidly Bleaching Peak” (RBP)
at lower temperature (90 °C) and a “Slowly Bleaching Peak”
(SBP) at higher temperature (325 °C) (Martini et al., 2009).
The TL peak at 325 °C of kyanite decreases to around 30 –
40% of its initial intensity after 5 hours of light exposure,
which is a rate similar to IRSL and post-IR IRSL signals
from potassium feldspar (Buylaert et al., 2012). However,
our experiments are unsuitable to discriminate the decay of
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Figure 7. Intensity variation of TL peaks at 90, 170 and 325 °C
(given dose of 200 Gy) from kyanite aliquots irradiated with 200
Gy and stored at room temperature for different times (storage
time). Each TL intensity point is represented by the average of
two aliquots. Data points are offset in the x axis to avoid points
overlapping.

Figure 8. OSL decay curves of kyanite measured for different pre-
heat temperatures (from 25 to 300 °C). Aliquots were irradiated
with 100 Gy.

TL peaks from almandine and kyanite in terms of thermal
or light bleaching effects. For example, such a loss of TL
signal during storage at room temperature and light exposure
experiments could be the result of thermal quenching, caus-
ing a reduced efficiency of the luminescence response to a
given dose when the increase of temperature led to electrons
recombining through non-radiative centers (Pagonis et al.,
2010). Nonetheless, the difference in signal behavior be-
tween the TL curves obtained for the storage time (Fig. 2C,
6C) and bleaching experiments (Fig. 2D, 6D) cannot be ex-
plained entirely by thermal quenching since the main mea-
surement parameters (i.e. heating rate, maximum tempera-
ture, given dose and dose rate) were the same during both
experiments. Further experiments should be performed to
clarify the process responsible for decay of TL signals ob-
served in almandine and kyanite.

Both almandine and kyanite show an OSL emission in
the UV band (blue stimulation). The OSL decay curve of
almandine can comprise four OSL components. The OSL
sensitivity of kyanite is extremely low (~ 0.5 cts Gy-1 mg-1

for the first second of light emission) which could hamper
measuring doses below 100 Gy. The OSL signals from al-
mandine and kyanite have relatively high fading rates, re-
spectively with average g-values of 15.8 ± 2.8 %/decade and
21.2 ± 11.6 %/decade (Fig. 5B,9B), which are higher than
g-values reported for the OSL signal from feldspar measured
with blue stimulation and UV detection (g-value = 3.2 ± 0.2
%/decade, (Thomsen et al., 2008). The high variation in g-
values found for kyanite points that fading rate should be es-
timated for individual aliquots for equivalent dose correction
purposes. Also, due to such high g-values, signal loss during
irradiation must be included in the estimation.

The OSL signals from almandine and kyanite decay to
10% of their initial value after 5 hours of exposure to a so-
lar simulator lamp (Fig. 5C, 9C). This bleaching rate is also
similar to that presented by feldspar IRSL and post-IR IRSL
signals (Buylaert et al., 2012). In this case, residual signals
for both minerals can promote significant dose overestima-
tion and should be evaluated, especially for sediments ex-
periencing fast deposition and short light exposure periods
like in alluvial fans or braided rivers. The studied alman-
dine and kyanite have dose response curves with D0 reaching
values higher than 700 Gy (Fig. 5D, 9D), which is beyond
quartz OSL (Murray & Wintle, 2003) and similar to potas-
sium feldspar post-IR IRSL (Buylaert et al., 2012). Dose
recovery tests demonstrate the suitability of the studied min-
erals to recover a given dose (100 Gy) under laboratory con-
ditions. However, the high fading rates are challenging for
estimation of natural doses and potential extension of the age
limit of luminescence dating.

Regarding dose rate assessment, uranium (238U and
235U), thorium (232Th) and potassium (40K) can occur as im-
purities in almandine and kyanite, contributing to significant
internal dose rate. Almandine forms part of the garnet group
that can be defined by the general formula X3Y2(SiO4)3,
where the X position can be occupied by divalent cations of
Ca2+, Mg2+, Fe2+ and Mn2+ and the Y position corresponds
to trivalent cations as Al3+, Fe3+ and Cr3+ (Deer et al., 2013).
Almandine represents the ferric extreme (Fe2+

3Al2(SiO4)3)
of the iron-magnesium solid solution series while pyrope is
the magnesium extreme (Mg3Al2(SiO4)3). Kyanite is an alu-
minosilicate with general formula Al2(SiO4)O and has an-
dalusite and sillimanite as polymorphs (Deer et al., 2013). In
the particular case of K, which promotes significant internal
dose rate in potassium feldspar (Huntley & Baril, 1997), its
relatively large atomic radius (Shannon, 1976) prevents sub-
stitution into the crystal lattice of both almandine and kyan-
ite. However, chemical analysis on garnet crystals within
metamorphic rocks (skarn) from Scotland (United Kingdom)
indicates that the content of uranium could exceed 300 ppm
(Smith et al., 2004) and in that case alpha particles are im-
portant contributors of the dose rate and most dose could be
internal. This opens the possibility to explore chronometers
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Figure 9. A) LM-OSL curve from a kyanite aliquot irradiated with 200 Gy. B) Athermal decay of the OSL signal, with calculated g-value. C)
Bleaching behavior represented by decay of the OSL signal in terms of light exposure time. D) Dose response curve and calculated D0 value.

based on natural regenerated signals like the method pro-
posed for zircon (Smith, 1988; van Es et al., 2002). In such
case, the assessment of radionuclides concentrations in min-
erals of the garnet group, like almandine, is needed for calcu-
lation of internal dose rate. In the studied almandine crystals,
however, significant concentrations of U, Th or K were not
detected using SEM/EDS (Fig. 1E).

5. Conclusions

IRSL and post-IR IRSL signals were observed only in al-
mandine. Particularly, optical bleaching and stability of the
325 °C TL peak from kyanite deserve future investigations to
evaluate its use for equivalent dose estimation. The OSL sig-
nals of almandine and kyanite are bleachable, with less than
10% of the initial signals remaining after 5 hours of light ex-
posure. They present high saturation doses (2D0 > 1500 Gy)
that could extend the luminescence dating age limit beyond
the mid Pleistocene, assuming dose rates of ~ 1 Gy/ka, typi-
cal of quartz-rich sands and of minerals hosting insignificant
amounts of radionuclides. Dose recovery tests demonstrated
that the studied heavy minerals can recover a given dose

within unity under laboratory conditions. However, ather-
mal stability and high fading rates of the studied OSL signal
may entail a problem to obtain accurate equivalent doses es-
timates and ages. Future work should focus on searching
for stable signals. Also, the investigation of the lumines-
cence properties of other heavy minerals common in sedi-
ments (e.g. staurolite, sillimanite, titanite, apatite, epidote,
rutile, tourmaline and zircon) is recommended for potential
expansion of trapped-charged dating methods.
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Catherine Elizabeth Buckland
New methods for identifying dune system reactivation

drivers and responses, Nebraska Sandhills
January 2019

School of Geography and the Environment, University of Oxford,
South Parks Road, Oxford

Degree: Ph.D.
Supervisors: David Thomas, Richard Bailey

Two billion people living in drylands are affected by
land degradation and the destabilisation of surface sediments.
However, a detailed understanding of the combined effects
of natural and anthropogenic factors in contributing to sedi-
ment remobilisation is absent from the literature. A quanti-
fied awareness of vegetation cover sensitivities and resultant
land degradation to forcing factors is needed if the vegeta-
tion and landscape response to future climatic changes and
human pressure are to be better predicted.

Measuring past environmental response in a location with
a known disturbance history allows us to identify thresholds
and explore the relationship between disturbance forces and
sedimentary response within a dryland environment. The
Nebraska Sandhills, located in the Central Great Plains, is
a semi-arid dune field with a reactivation history spanning
the last 10,000 years and a well-documented history of forc-
ing factors over recent decades. Whilst regional reactivations
in the Central Great Plains have largely been attributed to
palaeoclimatic change, the role of humans (e.g. The Dust
Bowl of the 1930s), in particular over grazing, has also been
cited as a potential cause of land degradation and sediment
reactivation.

Using quartz luminescence dating, secondary datasets
of forcing factors and statistical inference methods, this
thesis identifies the record of sediment deposition in
near-surface aeolian stratigraphies in the northern remits
of the Nebraska Sandhills and explores the relationship
between environmental sensitivity and external disturbance
factors. High-resolution luminescence techniques allow us
to construct a detailed chronological history of sedimentary
deposition events over the last 900 years, producing a

record of the environmental response across a range of
aeolian features within the semi-arid setting. Combined
with a detailed history of climatic, grazing and wildfire
pressures, supervised machine learning techniques explore
the relationship between forcing factor and environmental
response, highlighting the importance of both regional and
localised conditions in contributing to the heterogeneous
sedimentary response found in the record.
A PDF of this thesis can be downloaded
from: https://ora.ox.ac.uk/objects/uuid:

94b1a151-64fb-47af-a483-ab445979d413

Laura Eddey
The Late Quaternary Palaeoenvironment of the Vale of

Pickering
December 2018

University of Sheffield, Sheffield, United Kingdom

Degree: Ph.D.
Supervisors: Mark Bateman, Stephen Livingstone, Jon Lee

During the Quaternary, repeated glacial cycles left
widespread deposits across Britain. These deposits hold an
archive of terrestrial responses to changes in climate over
the last 2.6 Ma. One such archive is the Vale of Pickering
in North Yorkshire: A low-lying depression bounded on all
sides save the east end by large hills comprised of Juras-
sic and Cretaceous bedrock. During the Late Quaternary,
this natural basin was blocked by ice sheets forming large
proglacial lakes. To understand the advance and retreat of
the surrounding ice lobes in the Vale of York to the west and
the North Sea Lobe to the east – the deposits of the Vale of
Pickering are crucial; however, limited work in the area has
failed to ascertain an accurate history of Lake Pickering. Us-
ing newly available high-resolution LiDAR data, field obser-
vations, historic borehole records, and optically stimulated
luminescence (OSL) dating, a new chronological model for
Lake Pickering has been established. This shows that 1) pre-
viously estimated lake levels are too high and that during the
LGM, Lake Pickering was no more than 33 m O.D. 2) Ice
invaded the eastern coast of the Vale of Pickering on more
than one occasion, potentially earlier than the LGM. 3) Sev-
eral iterations of Lake Pickering exist with a lake during the
LGM, but at least one older than 30 ka. 4) The drainage of
Lake Pickering is very complex and seaward drainage likely
prevailed until the eastern end became blocked by continued
deposition of glacial material. This reversed the drainage
through the Kirkham Gorge. 5) The use of newer geosci-
entific techniques like OSL and LiDAR mapping are crucial
to the understanding of the palaeoenvironment of the Vale of
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Pickering and the continued development of these techniques
are vital to further work.

Geraint Jenkins
Development and application of luminescence dating of

cobbles from glaciofluvial sediments
January 2019

Department for Geography and Earth Sciences, Aberystwyth
University, Wales

Degree: Ph.D.
Supervisors: Department for Geography and Earth

Sciences, Aberystwyth University, Wales

The aim of this thesis is to develop and test the lumines-
cence dating of cobbles from glaciofluvial sediments. In re-
cent years luminescence dating has increasingly been applied
to date glaciofluvial sediments, but uncertainties about the
degree of bleaching of the luminescence signal make dating
challenging. Sub-surface luminescence measurements from
cobbles from well-bleached environments are able to confirm
that the cobbles were well-bleached at deposition. Having
this confirmation when studying heterogeneously bleached
environments would be a significant advantage.

Bleaching experiments are undertaken to assess if numer-
ical models of bleaching with depth are correct in nature.
Measurements confirm that as the length of exposure in-
creases the luminescence signal is reset to greater depths.
Cobbles obtained from Orrisdale Head, Isle of Man, show
significant sub-surface bleaching, with rock slices to depths
of 12 mm into the cobble sub-surface having been com-
pletely bleached at deposition. Fading-corrected IRSL50
ages (20.7 ± 1.3 ka) agree with independent age control at
the site. One cobble also appears to show both the advance
(26.2 ± 0.3 ka) and retreat of the Irish Sea Ice Stream. A
major advantage of applying luminescence dating to cobbles
instead of sand-sized grains is that at depths of > 2 mm into
the cobble 92% of the dose rate comes from the cobble it-
self and this makes luminescence ages insensitive to water
content.

In further tests of this approach, cobbles from two lo-
cations in north Wales show limited sub-surface bleaching,
however the IRSL50 ages from the surface slices agree with
independent age control. Following the trial at locations with
independent age control, cobbles are obtained from a deposit
at Bridgwalton which marks the furthest extent of a separate
ice lobe which occupied the Cheshire-Shropshire basin. The
IRSL50 age (25.3 ± 1.6 ka) gives the first depositional age
for this location and shows that the Last Glacial Maximum
(LGM) at this site is synchronous with that observed for the
Irish Sea ice stream at the Scilly Isles. Luminescence dating
of cobbles has an enormous potential in providing accurate
and robust ages for glaciofluvial sediments that are challeng-
ing to date.
A copy of the thesis can be given at request to: gej11@aber.
ac.uk

Miao Li
Study on thermal activation characteristics of the ESR

signal intensity of moraine quartz E1’ center
May 2019

Institute of Tibetan Plateau Research Chinese Academy of
Sciences, Beijing, China

Degree: M.Sc.
Supervisor: Chaolu Yi

The quartz E1’ center is a paramagnetic defect center, and
the maximum value of the ESR signal intensity of the E1’
center in its thermal activation has been applied for dating of
sediments and determination of sediment sources. However,
there are still different views on the method for obtaining the
maximum value of the thermal activation ESR signal inten-
sity of the E1’ center, such as whether artificial irradiation is
needed before heating, whether there is a difference in the
optimum thermal activation of temperature and time of the
E1’ center, and it needs further study. In addition, there has
been no report on the study of moraine provenance by using
the ESR signal intensity of the quartz E1’ center at present.

In order to clarify the method of obtaining the maximum
value of the thermal activation intensity of the E1’ center and
to provide basic experimental data and theoretical references
for practical application, the thermal activation characteris-
tics of the ESR signal intensity of moraine quartz E1’ center
was studied by using artificial gamma irradiation, thermal
annealing and ESR signal measurement. Moreover, in order
to provide a simple and fast new method for identifying the
provenance of plateau moraines, the provenance of moraines
on the west side of the Purog Kangri ice field in the inner
Tibet was identified by using the natural signal intensity of
the quartz E1’ center, the maximum value of the thermal ac-
tivation intensity of the E1’ center and the quartz crystallinity
index (CI).

The specific conclusions are as follows:
(1) At room temperature and in the range of . 2500 Gy

of artificial irradiation, the ESR signal intensity of the
E1’ center increases with the increase of irradiation dose
due to the formation of the counterfeit E1’ center, while
the signal intensity of the E1’ center decreases with the
increase of irradiation dose likely due to the decay of
the real E1’ center caused by the gamma ray irradiation.

(2) The optimal temperature (peak temperature) of thermal
activation for the E1’ center ESR signal intensity in the
quartz from the moraines collected in the West Kun-
lun Mountain and the Purog Kangri is approximately
300 ◦C. When the heating temperature was lower than
the peak temperature, the signal intensity of the E1’ cen-
ter increased with the increase of heating time; other-
wise, the E1’ center signal intensity decreased.

(3) At the peak temperature, there was a range of the ther-
mal activation time, (or the optimal activation time
range) at which the E1’ center signal intensity reached
its maximum value. When the activation time exceeded
this range, the ESR signal intensity of the E1’ center
decreased.
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(4) There is a correlation between the ESR signal intensity
of the E1’ center and artificial irradiation dose when the
E1’ center is in the growth stage; when the E1’ center
decays, it is less correlated with irradiation dose.

(5) The maximum ESR signal intensity of the thermal acti-
vation of the E1’ center in the quartz samples both from
West Kunlun Mountain and Purog Kangri increased first
with the increase of artificial irradiation dose, and then
saturated above 400 Gy, indicating that artificial irradi-
ation is needed in order to obtain the maximum ESR
signal intensity of the thermal activation of the E1’ cen-
ter.

(6) The natural signal intensity of the quartz E1’ center, the
thermal activation peak intensity of the E1’ center and
the quartz crystallinity index (CI) indicate that 73% –
93% of the moraine sediment furthest away from the
west side of the Purog Kangri ice field came from the
north side and only 7% – 27% from the east side.

(7) The natural signal intensity and the maximum value
of the thermal activation ESR signal intensity of the
quartz E1’ center and the quartz crystallinity index (CI)
can both provide effective guidance for identification
of provenance for moraine, and the ESR technology
is suitable for the study of the provenance of plateau
moraines.

A PDF of this thesis can be downloaded from: Chinese
Academy of Sciences Dissertation Database.

Ian del Rı́o
Técnicas de datación por luminiscencia en el norte de

Chile: implicación para la evolución tectónica y
geomorfológica de la Penı́nsula de Mejillones durante el

Cuaternario
(Luminescence dating in northern Chile: Implications

for the Quaternary tectonic and geomorphologic
evolution of the Mejillones Peninsula)

May 2019
Departamento de Ciencias Geológicas, Universidad Católica del

Norte, Antofagasta, Chile

Degree: Ph.D.
Supervisors: Gabriel González, André Oliveira Sawakuchi

The geomorphology of the Mejillones Peninsula, northern
Chile, evidences a Quaternary tectonic uplifting process. Up-
per plate faults located close to the peninsula show recent ac-
tivity. However, there is no consensus about the uplift rate of
the Mejillones Peninsula in the millennial timescale and nu-
meric ages of uplifted sediments or sediments related to fault
activity are scarce. These geochronological data is crucial to
establishing the geologic history of the upper plate faults and
to improving the understanding on plate tectonics processes
in Chile. The main aim of this Ph.D. thesis is to contribute to
a better knowledge of the subduction process and upper plate
deformation relationship through the quantification of the

coastal uplift and the upper plate fault activity in the Mejil-
lones Peninsula for the Late Quaternary applying lumines-
cence dating techniques to quartz and potassium feldspar. To
achieve this, 31 sediment samples were collected from four
localities: marine-coastal sediments from the Pampa Mejil-
lones, an alluvial deposit associated to the Mejillones Fault,
alluvial and eolian deposits associated to the Naguayán Fault
and a colluvial deposit associated to the Salar del Carmen
Fault. Topographic profiles from the Mejillones Peninsula
and the studied faults were obtained by means of a differ-
ential GPS. Trenches were excavated in the fault traces for
paleoseismic analysis and their fault scarps were modelled
with high-resolution 3D techniques.

Optically stimulated luminescence (OSL) signals from
quartz and post-infrared infrared stimulated luminescence
(pIRIR) signals from K-feldspar were analyzed to determine
sediment burial ages. From the comparison between OSL
and pIRIR ages, it was concluded that the OSL ages from
quartz are largely underestimated. This is attributed to the
fact that the quartz OSL signals lack a strong fast OSL com-
ponent and that predominant medium and slow components
show thermal instability. On the other hand, pIRIR signals
are close to stability, showing low, though variable, fading
rates (0.7 – 6.77%/decade), and bleachable, presenting low
residual doses in modern analogues (between 2 and 6 Gy).
The alluvial sediments spatially associated with the Mejil-
lones Fault yielded fading-corrected pIRIR ages between
87.4 ± 6.6 and 163.4 ± 18.4 ka. For the sediments asso-
ciated with the Naguayán fault, the fading-corrected pIRIR
ages were between 10.4 ± 1.3 and 44.1 ± 4.7 ka. The fading-
corrected pIRIR ages of the colluvial sediments associated
with the Salar del Carmen Fault resulted between 14.7 ± 1.0
and 131.6 ± 74.2 ka. For the coastal sediments from the
Mejillones Pampa, fading-corrected pIRIR ages were from
70.6 ± 5.1 to > 330 ka.

From the paleosismological study of the Naguayán and
Salar del Carmen Faults, it is concluded that the activity of
these faults has been continued during the Late Pleistocene
and Holocene. The activity rates of both faults classify them
as slow faults, with slip rates of ∼ 0.06 m/ka and earthquakes
recurrences of 20 ka. Based on stratigraphic references such
as colluvial wedges, it was possible to estimate coseismic
displacements of up to 2 m, translating into magnitudes of
paleoearthquakes of up to Mw7.2. In the specific case of
the Naguayán Fault, at least four events could be identified,
two of which occurred less than 40 ka ago. According to
the pIRIR ages obtained for the studied sediments, Pampa
Mejillones has uplifted at rates ranging from 0.25 to 0.5 m/ka
between 400 and 100 ka. For the last 70 ka, the pIRIR age
obtained in a coastal marine deposit suggests an uplift ac-
celeration to 1.01 m/ka. The activity of the Mejillones Fault,
estimated in 0.26 m/ka, partially controls the disposition, for-
mation and preservation of the paleocoastlines, in combina-
tion with the variation of relative sea level. Based on these
data, an evolution model of the Mejillones Peninsula dur-
ing the Late Pleistocene is proposed according to which the
coastal deposits found in the Pampa Mejillones record coast-
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line progradation and retrogradation as a consequence of the
combination of tectonic uplift, eustatic sea level variation and
upper plate fault activity. An excess in the uplift rate over the
subsidence produced by the activity of the Mejillones Fault
would elevate the Pampa Mejillones surface, generating the
current coastal cliff. Therefore, coastal uplifting process and
the upper plate fault activity, especially the potential reactiva-
tion of Mejillones and Naguayán faults, must be considered
as a potential seismic hazard to the urban and productive in-
frastructure of Mejillones and industrial complexes located
in the Coastal Cordillera.
A PDF of this thesis can be requested from the author at
idelrio@alumnos.ucn.cl.
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Conference Announcements: DLED 2019 
 

_____________________________________________________________________________________________________ 
 

DLED2019: German Luminescence and Electron Spin Resonance Meeting 
 

This year’s DLED will be hosted by Kathryn Fitzsimmons, Aditi Dave and Zoran Perić of the 
Max Planck Institute for Chemistry in Mainz (https://www.mpic.de/forschung/weitere-
forschungsgruppen/gruppe-fitzsimmons.html ). It will take place 8-10 November in the town 
of Bingen, at the confluence of the Rhine and Nahe rivers and an easy hour or so by train 
north of Frankfurt Airport. 
 
The German Luminescence and Electron Spin Resonance (DLED) meeting is an annual 
meeting, usually held in Germany or one of its surrounding countries. The meeting allows 
luminescence and electron spin resonance dating experts from Central Europe to come 
together to present the latest technical developments and research results, as well as to 
network. Following the loose tradition of new laboratories hosting the meeting, our Group 
from Mainz is pleased to welcome you to the southern Rhineland. 
 
The meeting will be held at the Jugendherberge Bingen 
(https://www.diejugendherbergen.de/jugendherbergen/bingen/portrait/?gclid=EAIaIQobChM
IqqbK05yq4gIVFOd3Ch131QheEAAYASAAEgJMJPD_BwE ). Registration will be kept 
low and in keeping with previous DLEDs, will include room and board in shared 
accommodation at the hostel. Private rooms are available in nearby hotels in town (please 
contact the organisers for details). The situation of Bingen at the head of the Rhine Gorge, 
surrounded by forest, offers pleasant opportunities for our Saturday afternoon bushwalk. 
 

 
 
Both poster and oral presentations are welcomed; poster presenters will have the opportunity 
to introduce their topic to the conference audience in two slides in advance of the poster 
session. 
 

Please contact Kathryn Fitzsimmons (k.fitzsimmons@mpic.de), Aditi Dave 
(a.dave@mpic.de) and Zoran Perić (z.peric@mpic.de) for details. 

We look forward to welcoming you to Bingen! 
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Conference Announcements: 7th HSA Symposium 
 

_____________________________________________________________________________________________________ 
 

7th Symposium on Archaeometry of the Hellenic Society 
for Archaeometry 

 
9-12 October 2019  

Athens, Greece 
 
Following its preliminary declaration, the Board of the Hellenic Society for Archaeometry 
(HSA) announces the organization of the 7th Symposium on Archaeometry which will be held 
at the Byzantine and Christian Museum, Athens. The Symposium responds to the long-
standing and steadily increasing interest of archaeologists, historians, anthropologists, palaeo-
environmental scientists and other specialists of similar directions to collaborate with 
specialized researchers from the fields of science on issues related to cultural heritage. The 
forthcoming Symposium is a continuation of the six (6) previous relevant events that were 
held successfully by the HSA in the past, and is expected to stand as breeding ground for 
scientific enquiry, dissemination of new knowledge, dialogue between specialists coming 
from various disciplines, and for training. 
 
Thematic units 

• Dating and palaeo-environment  
• Geophysical prospection  
• Ceramic and vitreous materials  
• Ancient and prehistoric metallurgy  
• Lithics, with an emphasis on marbles, plasters and pigments  
• Biomaterials – bioarchaeology 
• Special thematic session on archaeoseismology, geoarchaeology and on issues of 

precision in absolute dating 
 
Important dates and registration  

• Monday, July 1st, 2019: Abstract submission deadline   
• Wednesday, July 31st, 2019: Notification to participants upon acceptance  
• Until, Friday, August 30th, 2019: Early registration: 80 € - Students: 50€. After the 

30th of August: Late registration: 100 € and 80 € respectively.  
• Wednesday, October 9th, 2019: Symposium commencing.  
• Friday, October 11th, 2019: Symposium’s Dinner, Award ceremony, Honorary 

distinctions. 
 
 

Website: http://www.archaeometry.org.gr/ 
Conference email: archaeometry.org.gr@gmail.com 

 
Organising committee 

Y. Bassiakos, Y. Facorellis, E. Filippaki, A. Oikonomou, M. Papageorgiou, P. Loukopoulou, 
G. Theodorou 
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Conference Announcements: UK LED 2019 
 

_____________________________________________________________________________________________________ 
 
 

UK Luminescence and ESR Meeting 
2019 in Denmark 

Technical University of Denmark 
 
 
This is the second announcement for the 2019 UK Luminescence and ESR meeting in 
Denmark (UKLUM2019DK). The meeting will be hosted by the Luminescence Physics 
group at The Centre for Nuclear Technologies, Technical University of Denmark, from 26th-
28th August 2019 on the Risø Campus, Roskilde, in collaboration with Aarhus University. 
UKLUM2019DK will provide an informal forum for discussion of luminescence and electron 
spin resonance research, with an emphasis on recent developments, ongoing research and 
student projects. There will be ample place for posters, and both oral and poster presentations 
are encouraged. We look forward to a full, interesting and varied programme.  
If you have already registered an interest but have not received a confirmation mail from us, 
please resend your message to UKLUM2019.in.DK@nutech.dtu.dk; there have been 
difficulties with the email link on the webpage. 
This will be a no frills meeting in order to keep costs down. Registration is 90 EUR for 
professionals and 60 EUR for students. This covers two and a half days of presentations, 
lunch, tea breaks and an icebreaker. There is an optional conference dinner to be held on 
Tuesday August 27th (45 EUR per person) to be held at the Risø Campus. This will take the 
form of a buffet with a wide variety of options (including vegetarian) and there will be a 
cheap honesty bar open during and after the dinner. 
There will also be a workshop on Rock Surface Dating to be held at Risø Campus on Sunday 
August 25th (20 EUR). 
Abstract deadline is June 30th, and online registration will be open from May 27th until July 
15th. We will update the webpage with a list of possible accommodation and prices, but we 
encourage anyone intending to attend the conference to book accommodation as soon as 
possible; Roskilde is a popular tourist destination and budget summer/autumn 
accommodation is booked up very early. 
 
Further information will be available on https://www.tilmeld.dk/UKLUM19 
Please forward this circular to anyone who might be interested and if you would like to be 
taken off the mailing list please write to UKLUM2019.in.DK@nutech.dtu.dk 
We look forward to welcoming you to Risø. 
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Announcements: Invitation to contribute to Special Issue 
 

_____________________________________________________________________________________________________ 
 

I am serving as a Guest Editor for the Special Issue "Methods in Dating and Other 
Applications using Luminescence" in Open Access journal MPs (ISSN 2409-9279). Based on 
your extensive experience in this field, we would like to invite you to submit a manuscript in 
this Special Issue (i.e., Protocols, Benchmarks, Technical Notes, Letters, Reviews or 
Comments).  
  
The submission deadline is 1 August 2019. You may send your manuscript now or up until 
the deadline. Submitted papers should not be under consideration for publication elsewhere. 
We also encourage authors to send a short abstract or tentative title to us first 
(elsie.zhao@mdpi.com or jimf@uw.edu). For further information, please follow this link: 
https://www.mdpi.com/journal/mps/special_issues/MDOAL 
  
Methods and Protocols is fully open access. Open access (unlimited and free access by 
readers) increases publicity and promotes more frequent citations, as indicated by several 
studies. Open access is supported by the authors and their institutes. No Article Processing 
Charges (APC) apply for well-prepared manuscripts. 
  
For further details on the submission process, please see the instructions for authors at the 
journal website (http://www.mdpi.com/journal/mps/instructions). 
  
We hope that this is of interest to you and look forward to hearing from you soon. 
  
James K. Feathers 
University of Washington 
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