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Abstract

Stimulating a preheated feldspar sample
with infrared light causes photo-transfer of
charge within the crystal. The resulting photo-
transferred luminescence signal is visible in
thermoluminescence (TL) and infrared stim-
ulated luminescence (IRSL) measurements,
where it results in an increase in the measured
luminescence signal intensity. This is partic-
ularly relevant when using a post-IR IRSL
measurement protocol for dating feldspars,
which consists of two consecutive IRSL mea-
surements, one at low temperature (usually
at 50°C) and a second IRSL measurement
at elevated temperature. In this case, the
lower temperature IRSL measurement causes
photo-transfer of charge, which then influences
the subsequent higher temperature post-IR
IRSL signal. This paper presents a new user
defined command to be used with the Sequence
Editor software on a Risg TL/OSL reader. This
command can be used to assess the amount of
photo-transfer that is caused by IR stimulation,
and how large a signal this may contribute to
a subsequent elevated temperature IRSL mea-
surement. The command can also be useful for
identifying the length of time an aliquot should
be held at the measurement temperature prior
to switching on the IR LEDs in order for any
photo-transferred TL to have been reduced to a
negligible level. To show the applicability of this
new user defined command to feldspar post-
IR IRSL measurements, this paper presents
results from two feldspar samples measured
using the new user defined command as part
of three different preheat and post-IR IRSL

temperature combinations.

Keywords: User defined command, photo-
transferred TL, feldspar luminescence, post-IR
IRSL

1. Introduction

Photo-transferred thermoluminescence (PTTL) or re-
excitation (e.g., Bailiff, 1976; Schlesinger, 1965) describes
luminescence that occurs as a result of optical excitation after
irradiation and preheating and which is visible in TL curves
measured after the optical excitation. It has been associated
with redistribution of charge (Kaylor et al., 1995) and was
observed in different minerals, including quartz (e.g., Kay-
lor et al., 1995; Schlesinger, 1965; Wintle & Murray, 1997),
fluorapatite (e.g., Bailiff, 1976), zircon (e.g., Bailiff, 1976;
Kristianpoller et al., 2006) and feldspar (e.g., Duller, 1995;
Murray et al., 2009; Robertson et al., 1993; Tsukamoto et al.,
2012). PTTL can easily be identified when comparing TL
curves recorded after a preheat and TL curves recorded af-
ter a preheat and a subsequent optical stimulation step (cf.
Fig. 1).

For feldspars it has been observed that stimulation of a
sample with infrared (IR) light can result in an increase in TL
signal intensity due to photo-transfer of charge (cf. Fig. 1).
If one subtracts a TL curve measured after a preheat and an
IR stimulation step from a TL curve measured after only a
preheat (curve A — curve B), a net negative TL signal will be
observed in the temperature range of the former preheat (cf.
dashed line in Fig. 1; e.g. Duller 1995; Murray et al. 2009;
Robertson et al. 1993; Tsukamoto et al. 2012). Besides af-
fecting TL, PTTL may influence the intensity of the IR stim-
ulated luminescence (IRSL) signal (e.g., Qin et al., 2015;
Wang & Wintle, 2013; Wang et al., 2014), which is particu-
larly important in light of the routine use of the post-IR IRSL
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Figure 1: Feldspar TL signal recorded after a preheat of
320°C for 60 s (solid line). From the dotted line (B) one
can see the slight increase in TL signal intensity in the tem-
perature range from ~ 100 °C to 290 °C. This is due to photo-
transfer from IR stimulation. The dashed line results from
subtracting the dotted line (B) from the solid line (A). Using
this approach, the PTTL signal is visible from subtraction.

signal when dating feldspars. Usually, when applying a post-
IR IRSL protocol, the signal used for dating is an IRSL signal
recorded after a preheat and after one or multiple lower tem-
perature IR stimulation step(s) (cf. Buylaert et al., 2012; Li
& Li, 2011; Thiel et al., 2011; Thomsen et al., 2008). The
lower temperature IRSL measurements will likely introduce
a PTTL signal for the next higher temperature IRSL mea-
surement, where it would then be released during the heating
to this higher temperature IRSL measurement, potentially af-
fecting the signal intensity and stability (e.g., Qin et al., 2015;
Wang & Wintle, 2013; Wang et al., 2014). PTTL is clearly
visible in TL measurements (cf. Fig. 1) and a first impression
of PTTL in IRSL can be gained by using blank channels prior
to turning on the stimulation light sources. However, the cur-
rent set of commands for the Risg TL/OSL reader available
through the Sequence Editor does not enable recording the
PTTL signal to its full extent during IRSL measurements,
hindering routine study of this PTTL signal, or any assess-
ment of the likely impact it could have upon the subsequent
post-IR IRSL measurement.

To gain further information on the PTTL signal and on
its impact on the post-IR IRSL signal, it would be useful
to monitor and minimise the impact of PTTL when dating
feldspars. Here we present a new user defined command for
the Risg TL/OSL reader that makes it possible to record and
monitor the PTTL signal during routine IRSL measurements.

2. Previous studies exploring the effect of PTTL
on post- IR IRSL signals
Whilst PTTL in feldspars has been known for a long time

(e.g., Duller, 1995; Robertson et al., 1993), its presence in
and effect on the post-IR IRSL signal has been of interest in

more recent years. To highlight the importance of this photo-
transferred signal for IRSL measurements, we here briefly
review studies focussing on the PTTL signal arising in the
post-IR IRSL measurement procedure.

In 2013 Wang & Wintle associated parts of a measured
post-IR IRSL signal of a perthitic feldspar sample with
photo-transfer of charge during IR stimulation. These au-
thors suggest that this charge is released thermally during
the post-IR IRSL stimulation step at elevated temperature,
resulting in a contribution to the overall post-IR IRSL signal.
These authors identify contributions of this photo-transferred
signal to the overall measured post-IR IRSL signal of up
to 20 %. Wang & Wintle (2013) suggest that this photo-
transferred TL signal should be removed prior to the mea-
surement of the post-IR IRSL signal, because it is expected
that the photo-transferred signal shows fading rates similar to
the IRSL signal measured as a first step in the post-IR IRSL
measurement procedure. Subsequently these authors suggest
to either (i) insert a cut heat, at a temperature slightly below
the preheat temperature, between the two IR measurements,
or (ii) to hold the sample at the post-IR IRSL measurement
temperature for a longer duration prior to switching on the
LEDs. However, Wang & Wintle (2013) did not explore this
second suggestion.

Wang et al. (2014) further investigated the effect of the
photo-transferred signal on the post-IR IRSL signal. These
authors suggest that the cut heat proposed by Wang & Win-
tle (2013) could affect the post-IR IRSL measurement neg-
atively by resulting in re-trapping of some of the thermally
excited electrons, which will then contribute to the post-IR
IRSL signal. Subsequently, these authors advise against the
use of a cut heat as a tool used to remove a PTTL signal. Qin
et al. (2015) showed that the presence of a PTTL signal in a
post-IR IRSL signal can lead to an underestimation of a given
dose in dose recovery experiments and that the presence of
a PTTL signal can lead to an underestimation of the thermal
stability of the post-IR IRSL signals. Qin et al. (2015) show
that increased preheat and post-IR IRSL stimulation temper-
atures (up to 400 °C) improve dose recovery ratios, compared
to a post-IR IRSLg protocol with a preheat at 320 °C.

The application of a cut heat between the two IRSL mea-
surements in a post-IR IRSL protocol results in other issues,
as pointed out by Wang et al. (2014). Also, the suggestion
by Qin et al. (2015) of using very high preheat and post-IR
IRSL stimulation temperatures might influence the feldspar
crystal, since exsolution features might be affected by heat-
ing the material to temperatures around 400 °C (e.g., Brown
& Parsons, 1984; Lin & Yund, 1972; Parsons et al., 2015).
Thus, holding the sample at the IRSL measurement temper-
ature for a longer duration (Wang & Wintle, 2013) might be
the most gentle and effective solution to remove the PTTL
signal and its contribution to a post-IR IRSL signal. If this
approach would be attempted, it would be important to evalu-
ate how long such an isothermal holding step prior to switch-
ing on the IR LEDs should be. Therefore, a procedure for the
routine assessment of the presence and influence of PTTL on
post-IR IRSL measurements is needed.
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Figure 2: An example of a PTTL signal and IRSL decay curve recorded using the new user defined command. The figure shows
the luminescence emitted during ramping of the sample to the measurement temperature (here: 290 °C), then during the 15 s
pause prior to the IRSL measurement, and then during the actual IRSL measurement (here: 100 s of IR stimulation).

3. A new user defined command to record and
monitor PTTL in feldspar IRSL measure-
ments

3.1. Purpose and performance of the new user de-
fined command

In the following we describe a newly developed user de-
fined command for recording and monitoring PTTL in IRSL
measurements using the Risg TL/OSL system. This new user
defined command can be used instead of a routine OSL or
IRSL measurement, where it will not only record the actual
OSL/IRSL measurement, but also any luminescence emitted
during heating of the sample to the measurement temperature
and during potential isothermal pauses at the measurement
temperature prior to optical stimulation. This will enable an
estimation to be made of the contribution of this PTTL signal
to the elevated temperature IRSL signal.

To enable recording and monitoring of the PTTL signal
in OSL/IRSL measurements the Mini-Sys command file for
user defined instructions (usermsll.cmd) originally installed
with the software needs to be modified (Table 1). The new
command results in the same treatment to the aliquot as oc-
curs using the OSL command, but instead of only record-

ing the luminescence emitted during the optical stimulation,
this user defined command records data (i) during the ramp-
ing of the aliquot temperature from room temperature to the
measurement temperature, (ii) during the period of time se-
lected for the ‘Pause’ when the aliquot is held at the mea-
surement temperature prior to starting the optical stimula-
tion, and (iii) during the optical stimulation itself. Data from
all three phases of the operation are concatenated, produc-
ing a single data record in the BINX file. The data can be
viewed using the Analyst software (Duller, 2015), but be-
cause they combine together three different phases they are
hard to interpret. To present the data more clearly they were
exported from Analyst and then further processed using R (R
Core Team, 2019). An example of the data produced by this
command is shown in Figure 2. Figure 2 shows a post-IR
IRSLygq signal (red line) recorded using the new user de-
fined command. The shaded areas indicate the three parts of
the PTTL and IRSL measurement: (i) ramping to the mea-
surement temperature (here 290 °C, see dashed line), (ii) the
isothermal holding measurement for 15 s (also referred to as
‘Pause’) and (iii) the actual optical stimulation for 100 s. The
second x-axis on top of the graph shows the channel numbers
used, when recording this measurement with a resolution of
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0.2 s per channel. We would also advise the user to use the
same channel width for all three parts of the measurement
using the new command to make data analysis simpler. The
post-IR IRSLygq signal shows a PTTL signal during the ramp
and the isothermal holding measurement. Whilst the PTTL
signal increases during the ramp, a decrease is observed dur-
ing the 15 s pause prior to switching on the LEDs. However,
one can see that the PTTL signal has not decreased to the
background level after a 15 s pause, thus one can assume a
contribution of the PTTL signal to the actual IRSL signal in
this example.

3.2. Implementing and using the user defined com-
mand

To be able to use this user defined command, the Mini-Sys
command file for user defined instructions (usermsll.cmd)
needs to be changed. Details about user defined commands
can be found in Armitage & Duller (2004). Information
about the low-level commands that are used in the command
file are listed in a handbook provided by Risg via their web-
site (https://www.fysik.dtu.dk/english/research/
radphys/research/radiation-instruments/tl_
osl_reader/manuals; June 23, 2022). Once the latest
Risg software package is installed on the user’s hard drive,
a PDF ("UserDef.pdf") containing information on how to
edit and write user defined commands can be found in the
"Manuals" folder of the Risg software package. Before
modifying the usermsll.cmd file we strongly recommend to
back-up the existing file and create a copy for editing. For
the purpose of this paper we modified user defined command
4 (UserDef4), which already existed in the usermsll.cmd
file. The text which needs to be inserted as a user defined
command into the usermsll.cmd file is given in Table 1.
The first part of Table 1 defines which command line in
the Sequence Editor software describes which part of the
command (see Table 1 and Fig. 3, and compare commands
with $N). The second part contains the instructions for the
Mini-Sys, so that the command can be performed. Once the
user defined command is implemented, it can be tested. Fig-
ure 3 shows the Sequence Editor command window, where
all individual commands ($N) can be edited depending on
the settings required for the measurement. Please be aware
that it is not possible to modify the title for each command.
In the example displayed in Figure 3 an IRSL measurement
at 290°C was performed for 100 s. The corresponding
IRSL decay curve and recorded PTTL is shown in Figure 2.
Prior to the optical stimulation using IR LEDs, the sample
was held at the measurement temperature for 15 s. In this
example, command $5 defines the measurement temperature
(here 290°C) and command $7 the light source (here IR
LEDs). Depending on the integration time for each channel,
all commands referring to the data points recorded have
to be adjusted for the respective duration of the individual
parts of the measurement. As an example: the duration
of the IR stimulation in this example is 100 s (see $3 in
Fig. 3) and we would like the data to be collected with a
channel width of 0.2 s, thus the number of data points during

New user defined function in usermsll.cmd script

; Record luminescence during heating and pause prior to OSL
; $0 Position

; $1 Data points during heating ramp

; $2 Not used

; $3 Length of optical stimulation

; $4 Heating rate during ramp

; $5 Heating temperature

; $6 Length of pause at temperature before optical stimulation
; $7 Light source

; $8 Optical power

; $9 Not used

; $10 Not used

; $11 Data points during optical stimulation

; $12-18 Not used

; $19 Data points during pause before optical stimulation

; $20=$1 + $11 + $19

10=PS $0

20=#RS
25=#INITGRAPH $20
30=#TF

40=#RS

S50=#WLT

60=LU

70=#RS

75=IR SET $8
80=TL $5 $4 $1 $5
90=#DATA
100=0OS N $6 $19
110=#DATB
120=#CONCAT
130=0S $7 $3 $11
140=#DATB
150=#CONCAT
160=#SAVE
170=#ENDGRAPH
180=#WRITE
190=ST 0

200=LD

210=#RS

Table 1: User defined command as written for the Mini-Sys
command file for user defined instructions (usermsll.cmd),
which allows recording and monitoring of the PTTL sig-
nal in IRSL measurements. Since it is not possible to re-
name the individual commands in Sequence Editor or the
usermsll.cmd file, the titles for each command are listed in
this table for clarity.

optical stimulation ($11 in Table 1 and Fig. 3) should be
set to 500. Similar calculations and adjustments should
be made for the ramp and the isothermal holding step (see
corresponding command numbers in Table 1 and Fig. 3).
All channels needed to record the ramp ($1), the isothermal
hold ($19) and the actual stimulation step ($11) have to
be added and the sum needs to be inserted in the field
corresponding to $20 (in this case: 290 + 500 + 75 = 865).
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Uszer Command: UseiDef4

User Defined

v OK

Data Points ($1): 290 o Data Points [($11): 500 = x Cancel
Lower limit ($2): 0.0 - | Lower limit ($12): 0.0 =

: : 7  Hel
Upper mit ($3; [1000 = Upper limit ($13: 00 & A s

Rate [*C/s. Z/s)  [$4): |5.n =

Rate [*C/s, /5]

(514300 2|  {SRuninfo

Ph temperature [*C) ($5): 290 = Ph temp. ('C) ($15): D = :
: : ' "2 Nit
Ph time (s) ($6): |15 - Ph time (s) ($16): |0 = i
Lightsource [$7]: IR LEDs W Lightsource [$17]): Mone v | MiniSys
Dptical Stimulation = Optical Stimulation —~
Power [%) 0.0 =ad Power (%) ll].l] r
(8ky ($9: [0 - G2 ($19): [75 =
Inactive ($10): |0 = Inactive ($20): |BI55 = -

Description:

R——al

The user can define a senes of parameters. These can then be interpreted as the
user defines by writing low level MiniSys code in the USERMSLL.CMD file. Hot all

parameters need to be used within the code.

The set of parameters on the left of the screen will be placed in the BIN file record in
appropriate places, while those on the right hand side will not be stored anywhere.

Figure 3: Screen shot of the Sequence Editor command window, as prepared for a 100 s IRSL measurement at 290 °C (parameter
$5), with a 15 s isothermal measurement step (‘pause’) prior to switching on IR LEDs (parameter $6). The time included in
each channel was defined as 0.2 s for the ramp, the isothermal measurement and the actual IRSL measurement. Each parameter
in this window has to be edited to fit desired measurement settings, such as stimulation temperature, duration, channel width

and light source.

After ensuring appropriate settings in the Sequence Editor
command window, the user defined command can be used
instead of the routine IRSL measurement.

4. Application of the new user defined command
to explore PTTL

To show the potential use of the new user defined com-
mand, the amount of PTTL in TL and IRSL measurements in
two feldspar samples (one sedimentary K-rich feldspar sam-
ple and one Na-rich feldspar sample extracted from bedrock)
was examined using three different preheat and stimulation
temperature combinations.

4.1. Samples

The two feldspar samples were selected because of their
different chemical composition and because they show very

different laboratory irradiated TL signals (inset Fig. 4a and
c) and different PTTL signal intensities (Fig. 4b and d). Both
samples are feldspar-rich grain mixtures, such as those com-
monly used during feldspar luminescence dating. Sample
WHB-7 is a sediment extract from the Channelled Scablands,
Washington State, USA. The sediment sample WHB-7 was
treated using hydrochloric acid (HCI; 10 %) and hydrogen
peroxide (H,O;; 10 %) to remove carbonates and organic
matter. Subsequently the sample was dry sieved to 180-
212 m and density separated to 2.53< <2.58 g cm™ us-
ing sodium polytungstate. Thermoluminescence emissions
and anomalous fading rates of sample WHB-7 have been
explored previously by Riedesel et al. (2021). KTB-383-C
originates from a bedrock core obtained from the KTB bore-
hole in southern Germany. The grain extract of this sample
was obtained by crushing the rock; subsequently the mate-
rial was sieved to isolate the fraction of 180-250 um. This
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fraction was used to isolate the alkali feldspar grains using
sodium polytungstate at a density of 2.58 g cm™. The den-
sity separated sample material of KTB-383-C was etched in
10 % HF for 40 min and subsequently washed in 10 % HCl
for 20 min to remove any fluorides (see supplementary mate-
rial of Guralnik et al. (2015) for details regarding the sample
preparation procedure of KTB-383-C). Further information
on the luminescence of sample KTB-383-C can be found in
Guralnik et al. (2015) and Riedesel et al. (2019).

The chemical compositions of the samples were deter-
mined using X-ray fluorescence (XRF) and the mineral
phases present in the grain mixtures were determined using
X-ray diffraction (XRD). Details regarding these two meth-
ods and the respective sample preparation can be found in
Riedesel et al. (2021). Sample WHB-7 consists of micro-
cline (8 %), albite (54 %), quartz (15 %) and muscovite (23
%) and its feldspar chemistry has been determined as 64 %

— WHB-7
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K-feldspar, 32 % Na-feldspar and 5 % Ca-feldspar, when as-
suming 100 % feldspar (cf. Table 2). Sample KTB-383-C
contains 22 % albite, 31 % quartz, 45 % muscovite and 2
% other mineral phases. Its chemical composition is deter-
mined as 8 % K-feldspar, 80 % Na-feldspar and 13 % Ca-
feldspar, when assuming 100 % feldspar (cf. Table 2).

4.2. Instrumentation and the new user defined com-
mand

For luminescence measurements, sample grains were
mounted as 2 mm aliquots on stainless steel discs (~0.095 g
in mass) using silicone oil. The luminescence measurements
were performed at the Aberystwyth Luminescence Research
Laboratory using a Risg DA20 TL/OSL reader equipped with
a 29Sr/°%Y beta source delivering ~0.08 Gy s™! at the sample
position. For stimulation, IR LEDs with an emission at 870
nm (FWHM 40 nm) delivering ~145 mW cm? (Risg, D. T.
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preheating and IRSL50 (dashed lines of respective colours) of sample WHB-7. Besides the decrease in signal intensity in TL
at higher temperatures, an increase in TL intensity is visible in the temperature range below preheat temperature for TL curves
recorded after preheating and stimulating with IR photons at 50 °C. This signal increase is associated with photo-transfer and a
close-up of this temperature range is shown in (B). (C) and (D) show the same as (A) and (B), but for sample KTB-383-C.
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Chemical compositions of
S i feldspars (in %, assuming Mineral phases present (%)
Sample ID amphing 100 % feldspar) References
location
K-FS Na-FS Ca-FS Microcline  Albite Quartz  Muscovite Other
‘White Bluffs, Chan-
WHB-7 nelled  Scablands, | ¢34 35 46 8 54 15 23 NA | Riedesel et al. (2021)
Washington ~ State,
USA
KTB-383-C KTB-borehole, Ger- 79 791 13 NA 2 31 45 2 G}lralnlk et al. (2015),
many Riedesel et al. (2019)

Table 2: Details of the samples used in this paper. Their chemical composition was determined using XRF and the phases
present in the grain mixtures were determined using XRD. References are given to studies in which the luminescence properties

of the samples have previously been explored.

Table 3

(a) Measurement protocol used to visualise the impact of photo-
transfer on feldspar TL (Curve A in Fig. 1).

Step Treatment

Irradiation (48 Gy)

Preheat for 60 s at 220, 280 or 320 °C, 5°C s-1
Pause for 100 s

Pause for 100 s

TL to 450°C, 1 °C s-1

N O R S

(b) Measurement protocol used to visualise the impact of photo-
transfer on feldspar TL (Curve B in Fig. 1).

Step Treatment

1 Irradiation (48 Gy)

2 Preheat for 60 s at 220, 280 or 320 °C, 5 °C s-1
3 IRSL for 100 s at 50 °C
4
5

Pause for 100 s
TL to 450°C, 1 °C s-1

(c) Measurement protocol used to visualise the impact of photo-
transfer from IRSLsg to post-IR IRSL using the new user de-
fined command to record luminescence during ramping, isother-
mal holding and IR stimulation steps, as part of the IRSL mea-
surement. A TL signal was recorded after the post-IR IRSL
measurement to check for any remaining photo-transferred sig-
nal.

Step Treatment

1 Irradiation (48 Gy)
2 Preheat for 60 s at 220, 280 or 320 °C, 5°C s-1
3 IRSL for 100 s at 50 °C

— measured using the new user defined command
4 IRSL for 100 s at 190, 250 or 290 °C

— measured using the new user defined command
5 TL to 450°C, 1 °C s-1

U. Nutech, 2015) were operated at 90 % stimulation power.
The TL and IRSL signals were recorded through a combi-
nation of Schott BG 39 (2 mm thick, 45 mm in diameter)

and Corning 7-59 (4 mm thick, 45 mm in diameter) optical
filters and were detected using an EMI 9235QA photomulti-
plier tube.

The amount of PTTL in TL and IRSL measurements was
examined using three different protocols with three differ-
ent preheat and stimulation temperature combinations (Ta-
ble 3a, 3b and 3c). To keep the time differences between
irradiation and TL measurements the same for all three pro-
tocols, pauses were inserted in Table 3a (steps 3 and 4) and
Table 3b (step 4) instead of IRSL commands. TL measure-
ments were recorded up to 450 °C using a heating rate of 1 °C
s'!. Measured TL curves were background corrected by sub-
tracting a second TL measurement from the first measure-
ment. This was done automatically, by enabling the com-
mand “background subtraction” in the TL command in the
Sequence Editor software. TL measurements after an irra-
diation step, but without any preheat and IRSL stimulation
steps were performed before and after the steps outlined in
Tables 3a, 3b and 3c to monitor potential sensitivity changes.
We observed that once the sample material had been heated
to 450 °C all subsequent measurements only display very lit-
tle change in intensity, and TL measurements could be con-
ducted with good reproducibility.

Preheating of the sample material prior to IRSL measure-
ments was conducted using the TL command available in
the Sequence Editor software. The preheat temperatures of
220°C, 280 °C or 320 °C were reached using a heating rate
of 5°C 57! and the sample was then kept at the preheat tem-
perature for 60 s. All IRSL measurements were performed
using the new user defined command. IRSL measurements
were conducted for 100 s at 50 °C (Table 3b and Table 3c).
The temperature for the post-IR IRSL stimulation was either
190 °C, 250 °C or 290 °C, depending on the preheat temper-
ature, and the duration of this stimulation was 100 s (Ta-
ble 3c). The IRSL measurement temperature was reached by
heating at a rate of 5°C s™' and IR LEDs were switched on
after the sample had been kept at the IRSL measurement tem-
perature for 15 s. To visualise the decay of the PTTL signal
during the actual IRSL measurements using the user defined
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Figure 5: Post-IR IRSL signals recorded of sample WHB-7 (A and B) and of sample KTB-383-C (C and D) using the user
defined command (Table 2). Figures (A) and (C) show the intensity of the photo-transferred signal, which is emitted during the
ramping up to the IRSL measurement temperature and during isothermal holding of the sample at the measurement temperature
prior to switching on the IR LEDs. The close-up figures (B) and (D) show the shape of the photo-transferred signal.

command, the post-IR IRSL measurements were performed
using IR stimulation (Fig. 5 and Fig. 6) and without enabling
the stimulation light source (Fig. 6, dashed lines) by selecting
‘None’ for the Lightsource ($7 in Fig. 3).

4.3. Results: Monitoring PTTL in TL measurements

Figure 4 shows the effect of IRSLsq stimulation on the
low temperature part of the TL curve of preheated sam-
ples when comparing the TL curves measured with (dashed
lines in Fig. 4, Table 3b) and without IRSLs( (solid lines in
Fig. 4, Table 3a). The TL curves recorded immediately af-
ter a preheat (solid lines, Fig. 4) exhibit no TL signal up to
~30°C below the preheat temperature, where the TL signal
starts to grow. TL curves recorded after an IRSLsy measure-
ment (dashed lines Fig. 4, cf. protocol in Table 3b) show
an increase in TL signal intensity from about 50 °C until
~20°C below the preheat temperature: this is photo-transfer
of charge, induced by IR stimulation.

The shape of the PTTL signal differs slightly for the two
samples investigated, with the PTTL signal of KTB-383-C
measured in the low temperature protocol showing a clear
plateau region, but the TL curves after IRSL5y stimulation
show a similar trend in both samples: the PTTL signal is

larger when lower temperature preheats were used compared
to measurements after higher temperature preheats (Fig. 4B
and D).

4.4. Results: Monitoring PTTL as part of IRSL
measurements using the new user defined com-
mand

In section 4.3 we have shown that both samples show
PTTL in TL curves. Especially important for feldspar lumi-
nescence dating is the potential influence of PTTL on post-
IR IRSL signals, and the influence of this is explored in the
following.

Figure 5 illustrates the amount of PTTL in post-IR IRSL
signals of the two samples studied here. In Figure 5 the
different coloured IRSL curves correspond to the different
protocols used, with the blue curve representing the post-IR
IRSL9¢ signal, green represents the post-IR IRSL;5¢ signal
and red the post-IR IRSL;gg signal. Due to the different tem-
peratures used for these measurements, the time needed to
ramp up to the measurement temperature differs, which re-
sults in the off-set of the start of the ramp in the three curves
(Fig. 5). The different parts of the measurement using the
new user defined command are indicated below the x-axis in
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Figure 6: (A) Post-IR IRSL gq signal of sample WHB-7 recorded using the protocol shown in Table 3c. The solid line shows the
signal recorded with IR LEDs switched on. The dotted line represents the same measurement, but without IR LED stimulation.
(B) Close-up of the luminescence signals shown in (A). Subfigures (D) and (E) show results from the same measurements
made on sample KTB-383-C. Subfigures (C) and (F) show a comparison of the PTTL “post-IR IRSL” signal recorded for the
three different protocols. For these measurements the “post-IR IRSL” signal was recorded using the user defined command, but

without optical stimulation.

Figures 5B and 5D.

As already seen for TL, the post-IR IRSL signal recorded
using the new user defined command shows a PTTL signal
for both samples and for all preheat and post-IR IRSL stim-
ulation temperature combinations. In the recorded post-IR
IRSL measurements using the user defined command, the
PTTL signal increases during the ramp up to the IRSL mea-

surement temperature. At the end of this ramp the PTTL
signal reaches its maximum intensity. During the isothermal
holding step, prior to switching on the IR LEDs, the PTTL
signal decreases rapidly (Fig. 6). The fastest decay of the
PTTL signal is observed in the initial few seconds of the
pause, afterwards signal decays more slowly. The intensity
and decay behaviour of the PTTL signal is particularly visi-
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Figure 7: PTTL signal in relation to the measured IRSL sig-
nal for WHB-7 and KTB-383-C for all three protocols tested.
The respective signals are measured with an integration inter-
val of 0.2 s and the comparison here is based on one channel
each. Left: Maximal PTTL signal relative to the maximum
IRSL signal intensity. Middle: PTTL signal relative to the
IRSL signal, both measured at the time of the start of the
stimulation period. Right: Relative comparison of the PTTL
and IRSL signal in the last channel of the 100 s stimulation
period. The data displayed in the graph corresponds to the
data presented in Figure 5

ble in Figure 6, where the PTTL signal is recorded without
IR stimulation (dashed curve in Fig. 6) and compared to the
corresponding signal with optical stimulation (solid curve in
Fig. 6). Figures 6A, B and D, E show the post-IR IRSLgg
protocol with a 60 s preheat at 220 °C, because this low tem-
perature post-IR IRSL signal shows the largest PTTL signal.
For sample WHB-7 the PTTL decreases significantly dur-
ing the first 5 s of the isothermal holding step, afterwards
the decrease stabilises, but remains at a high signal count
level, which is even at ~41 % of the post-IR IRSL9g sig-
nal for KTB-383-C in the later part of the post-IR IRSL g
signal (cf. Fig. 6E). Comparing only the PTTL signals for
the three different protocols using the new user defined com-
mand, it becomes apparent that the PTTL signal of the post-
IR IRSL g signal is significantly higher than the PTTL sig-
nals of the two higher temperature post-IR IRSL signals (cf.
Fig. 6C and F). Whilst for the post-IR IRSLjsg and post-IR
IRSL;g a stable background level is reached after 15 to 30s,
dependent on the signal and sample investigated, the PTTL
signal of the post-IR IRSL g signal stabilises, but remains
at a high level, even after 100 s (cf. Fig. 6C and F; Fig. 7).
Like in TL (Fig. 4), PTTL is largest for the lowest tem-
perature measurement (post-IR IRSL;9g, 220 preheat) and
decreases with increasing preheat temperature (Fig. 5). The
amount of PTTL present in post-IR IRSL seems to be sample
dependent: Whilst the highest PTTL signal intensity is about
11 % of the initial post-IR IRSL 9 signal for KTB-383-C,
it is only 2 % of the initial post-IR IRSL;gg signal of sam-
ple WHB-7 (Fig. 7). However, most important is the finding
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that the PTTL signal intensity can be reduced in both sam-
ples during an isothermal measurement step prior to switch-
ing on the IR LEDs. Comparing the IRSL signal intensity
and the PTTL intensity at the start of the stimulation period
after the isothermal holding step of 15 s reveals that the rel-
ative PTTL signal has decreased to ~0.2 % in WHB-7 and
to ~2.2 % in KTB-383-C (Fig. 7) — highlighting the impor-
tance of the isothermal holding step prior to turning on the
stimulation light source. This suggests that the selection of
appropriate isothermal holding durations should be based on
the properties of each sample and the protocol used. Our data
also shows that dependent on the sample and protocol used,
the PTTL signal can remain at a high level even after 100 s
(cf. Fig. 7).

5. Conclusions

This paper shows that implementing a user defined com-
mand in the Mini-Sys can help to assess the intensity and in-
fluence of a photo-transferred luminescence signal on a post-
IR IRSL measurement. The user defined command can be
used instead of a standard IRSL measurement and will then
enable the recording of the ramp up to the IRSL measure-
ment temperature, an isothermal holding step at the IRSL
measurement temperature and the IRSL. measurement using
IR LEDs. To allow the recording of the PTTL signal only,
the command can be used without stimulation light source.
The measurements with and without stimulation can then be
compared, particularly to assess an appropriate isothermal
holding step prior to optical stimulation.
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1. Introduction

An integral step in OSL dating is determining the amount
of natural radiation to which a sample is subjected in a given
amount of time while buried. This value is referred to as
a sample’s “environmental dose rate,” and it is calculated
based on the concentration of radioactive elements within the
sample, as well as the cosmic ray dose at depth. The four el-
ements of interest for this purpose are uranium (U), thorium
(Th), rubidium (Rb), and potassium (K). There are a wide
range of analysis methods that can provide concentrations for
these elements; one that is frequently used for luminescence
dating is gamma spectrometry. While this method is rela-
tively efficient and easy, it has a disadvantage in that it can
only measure radionuclides that emit gamma radiation while
decaying, a caveat which results in an inability to measure
Rb in a sample (®Rb, the naturally occurring radionuclide
of Rb, is a pure beta emitter). Since Rb concentration is not
directly measurable via this method, its value has been com-
monly approximated by using the measured concentration of
K and an assumed K:Rb ratio of 200:1 (Aitken, 1985, 1998;
Warren, 1978).

A review of this 200:1 ratio reveals that it is based on
measurements of K and Rb concentrations from several
published papers from the mid-twentieth century (Warren,
1978). While the results of these past analyses do show a
general convergence around a 200:1 ratio, the measurements
themselves were only conducted on pottery, shales, clays,
and a handful of tektite samples, as shown in Table 1. This
is a spread of sample types that were selected for their rele-
vance to TL dating of artifacts, but they do not encapsulate
all of OSL’s potential geological dating applications. More
recent work with OSL dosimetry on shoreline sediments of
Glacial Lake Agassiz in North Dakota and Minnesota, USA,
and in the Great Lakes region in the northern United States
suggested that sediments of this type deviated from the ex-
pected ratio. In this analysis, shoreline sand samples from
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glacial Lake Agassiz and the Great Lakes region were studied
to determine if the archaeology-based 200:1 K:Rb ratio was
also applicable to the geology-based samples of this type.

2. Analysis

For the purpose of comparing the assumed 200:1 ratio to
the measured K:Rb ratio of the lake shoreline sediments, data
from sets of samples used in past projects were compiled and
analyzed. In total, 200 dose rate samples were included in
the data set; 84 of these samples were collected from beach
ridges and spit complexes from Glacial Lake Agassiz. A fur-
ther 63 samples were taken from strandplains of Lake Huron,
and another 53 originated from strandplains of Lake Supe-
rior. These samples were collected and analyzed over the
course of 17 years.

The potassium and rubidium concentrations of each sam-
ple, measured in parts per million (ppm), were determined
using instrumental neutron activation analysis (INAA),
which involves irradiating samples with neutrons in fission
reactors. Neutron irradiation generates new, less-stable ra-
dionuclides, which generally have significantly shorter half-
lives than the target element’s naturally occurring isotopes.
The resulting decay of these generated radionuclides emit ra-
diation that can be discerned and measured via gamma spec-
trometry. The generated radionuclides for the elements of in-
terest in this study were Potassium-42 (42K; half-life 12.355
hours) and Rubidium-86 (3°Rb, half-life 18.66 days). An
overview of the INAA method can be found in Reeves &
Brooks (1979).

From 2005 through 2020 samples were dried and prepared
for INAA at the Optical Dating and Dosimetry lab at North
Dakota State University and then sent for neutron activation
(irradiation), gamma spectrometry, and data analysis at The
Ohio State University Nuclear Research Laboratory (OSU
NRL). OSU NRL measured the naturally occurring gamma



Fish, Ancient TL, Vol. 40, No. 1, 2022

Analysis K:Rb Ratio  Sample Type Sample Count
(= Std. Dev.)

Tobia & Sayre (1974) 238 +99 Soils, clays, shales, and pottery (Egypt) 58

Bieber et al. (1973) 222 + 68 Clays and pottery (Eastern Mediterranean) 235

Perlman & Asaro (1969) 200 Pottery (Peru, Egypt) 39

Pinson et al. (1965) 200 £ 27 Tektites 54

Taylor & Ahrens (1959) 220 £ 50 Tektites 5

in Pinson et al. (1965)

Table 1. Summary of past K:Rb analyses.

emission from “°K, rather than the “’K generated radionu-
clide. From 2020 to the present INAA has instead been con-
ducted by the North Carolina State University Nuclear Re-
actor Program (NCSU NRP). Dried samples were sent to
NCSU NPR where they prepared the samples for neutron
activation and analysis. Both facilities have pool-type re-
search reactors. Additional information about their method-
ology can be found on the laboratories’ websites (https://
reactor.osu.eduand https://nrp.ne.ncsu.edu; June
22,2022).

The potassium and rubidium data from these samples
were used to numerically calculate the statistical mean and
median of the K:Rb ratios, as well as the standard devia-
tion and standard error. In addition to numerical analysis,
the samples were also plotted on scatterplots to help visu-
alize the spread of the data, arranged such that the slope of
the line-of-best-fit approximated the average K:Rb ratio for
each data set. All 200 samples were plotted together, but se-
lected subsets of the data were also studied independently in
an effort to identify any trends that may have arisen. This
included separating the samples by lake, which is reflected
by the data plotted in Figures 1 and 2.

Figures 1 and 2 present the results of this analysis on a
scatterplot and histogram, respectively, while the calculated
values are tabulated in Table 2. The average potassium to

All sampled beach sands
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©® Agassiz
25000 @ Superior
® Hur
20000 Huron
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y =318.27x

R?=0.9819
5000

20.00 40.00 60.00 80.00 100.00

Rubidium (ppm)

Figure 1. Collective scatterplot of all 200 samples, plotted by potas-
sium against rubidium content. Average K:Rb ratio is represented
by the slope of the line-of-best-fit at 318:1.
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Figure 2. K:Rb ratio frequency distribution.

rubidium ratio of all samples in the data set was 328 + 3.6
(std. err). Each individual lake yielded similar values as well,
with Huron and Superior averaging 336 + 7.6 (std. err.) and
336 £ 6.0 (std. err.), respectively. Lake Agassiz had a lower
K:Rb ratio, down to an average of 316 £ 5.0 (std. err.), but it
still fell well within a standard deviation of the overall mean,
which was 51.

3. Conclusion

Recall that the overall K:Rb ratio for all 200 samples was
328 + 3.6 (Table 2), with the mean ratio of each individ-
ual lake falling well within one std. dev. (51) of the mean.
This average is a considerable difference, 64%, from the ratio
proposed by Warren (1978) for his review of pottery, clays,
shales, and tektites. If we consider a generalized shoreline
sample containing 1% K, 2 ppm Th, and 1 ppm U sampled at
a depth of 1m below the surface and having an average water
content of 8%, the revised K:Rb ratio would resultin a 0.63%
difference in the calculated beta dose rate and a 0.36% differ-
ence in the total dose rate for the sample. Although these dif-
ferences are small, it is more applicable to estimate the K:Rb
ratios based on data from similar analog materials. The re-
sults from this analysis suggest that the commonly assumed
200:1 ratio is not appropriate for approximating the Rb con-
tent of shoreline sediments of the Great Lakes and Glacial
Lake Agassiz and that an actual measurement of Rb would
be necessary if one strives to ensure maximum accuracy of
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Shoreline Number of Mean Median Std. Dev. Std. Err.
Data Set  Samples K:Rb Ratio K:Rb Ratio K:Rb Ratio K:Rb Ratio
All Lakes 200 328 326 51 3.6

Agassiz 84 316 310 46 5.0
Superior 53 336 341 44 6.0

Huron 63 336 331 61 7.7

Table 2. Summary of calculated data.

results. Furthermore, these results also indicate that analysis
of K:Rb ratios in other sediment types used for OSL dating
is warranted.
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Tamads Bartyik
Reconstruction of fluvial processes in the Maros River
basin, with special respect to the applicability of OSL
sensitivity
June 2022
Institute of Geography and Earth Sciences, University of Szeged,
Hungary

Degree: Ph.D.
Supervisor: Dr. Gyorgy Sipos

Recently, it has been shown that the luminescence prop-
erties of minerals, in particular quartz, can be used as an in-
dicator of fluvial erosion and/or sediment origin for various
fluvial processes. One of these properties is the so-called lu-
minescence sensitivity of quartz grains, i.e. the intensity of
the luminescence response per unit dose. Laboratory tests
have shown that the magnitude of luminescence sensitivity
can vary in response to light and heat exposure and radioac-
tive radiation. Thus, in nature, high sensitivity has been asso-
ciated with a high number of sediment cycles and low sensi-
tivity with their absence. In addition, it has also been shown
that the lithological background of quartz, i.e. the source
area, can also be a crucial factor, so luminescence sensitivity
can be used for the analysis of sediment provenance. Over-
all, however it is still questionable whether it is the inherited
properties of source rocks (as primary factors) or the sed-
imentary history (as a secondary factor) that determine the
luminescence sensitivity of sedimentary quartz. On the other
hand, luminescence sensitivity studies have not yet been car-
ried out on the sediments of the Carpathian Basin.

Although the reconstruction of the Late Pleistocene evo-
lution of the lowland alluvial fan of the Maros River in Cen-
tral Europe, using OSL dating has been done before, such
studies have not been carried out in the middle and upper
section of the river. The Retezat Mountains in the moun-
tainous catchment of the river are one of the members of
the Carpathians that were heavily glaciated during the Pleis-
tocene glaciations. Changes in the glaciation and deglacia-
tion phases in the area may have affected the ability of river
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to work downstream. Thus, sediment accumulation in the
Hateg Basin in the foothills of the Retezat may be related
to deglaciation. The terraces of the Middle Maros may also
reflect these phases. In addition, a number of paleochannel
patterns can be identified on the prominent alluvial fan of the
lowland area of the Maros River. Their temporal and spatial
displacements, water yields and channel types are indicators
that the sediment discharge and sediment transport capacity
of the river increased significantly from the Late Glacial to
the Early Holocene and was higher than the present. How-
ever, at the regional level, the geomorphological processes in
the lower catchment have not yet been compared with those
in the upper catchment.

An own luminescence sensitivity measurement protocol
was applied to 90-300 m fluvial quartz grains in parallel
with standard OSL age measurements to reconstruct geomor-
phological evolution.

In the thesis, was found the following correlations with
luminescence sensitivity: The sensitivity of Alpine and
Carpathian fluvial quartz in the lower section of the catch-
ments show clear differences in terms of CW-OSL, TL
110 °C peak and LM-OSL techniques. Among the sensitivity
parameters, the results of total LM-OSL and fast component
ratio is the most applicable for the separation of sediments
with different provenances. The sedimentary quartz grains
of the Danube show a higher sensitivity with increasing age,
while the Maros shows a lower sensitivity with increasing
age. In the case of the Maros River, luminescence parameters
are strongly influenced by sub-basin and river section scale
factors. No general trend in the variation of the different sen-
sitivity parameters is observed over the 565 rkm stretch stud-
ied. Along the Maros, the residual dose from quartz grains
shows a clear downstream decrease, but the trend may be
broken by tributaries and erosion.

In the terms of geomorphological reconstruction of Late
Pleistocene and Holocene of Maros catchment: The MIS
3 stage in the Maros catchment was dominated by coarse-
grained, gravel-sand sedimentation. A higher degree of flu-
vial incision in the middle catchment of the Maros was
observed during the MIS 3-MIS 2 and the MIS 2-MIS 1
transition. Based on the data obtained, fluvial processes
along the Middle Maros were mainly influenced by climatic
conditions. There is no temporal relationship between the
deglaciation phases in the Retezat Mountains and the water
yield of the paleochannels of the lowland alluvial fan, but the
sediment mobilised by the increase in precipitation may have
influenced the channel pattern of the lowland section.

A PDF of this thesis can be downloaded from: http:
//doktori.bibl.u-szeged.hu/id/eprint/11145/
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Trine Freiesleben
Developing and testing models for rock surface dating
using optically stimulated luminescence

July 2021

Technical University of Denmark, Physics, Roskilde, Denmark

Degree: Ph.D.
Supervisors: Kristina Jgrkov Thomsen, Co-supervisor:
Andrew Sean Murray

Luminescence dating of rock surfaces is an emerging ab-
solute chronological technique that has the potential to deter-
mine how long a rock surface has been exposed to daylight
and/or how long it has been buried. The development of this
technique into a robust dating method will give the oppor-
tunity to determine the ages of previously un-dateable stone
structures/formations in both archaeology and geology, in-
cluding megaliths, chambered burial mounds, cairns, cobble
fans, ice-scoured bedrock, and many others. When a rock
surface is exposed to light, the latent optically stimulated lu-
minescence (OSL) signal is reset to different degrees depend-
ing on the distance from the surface and the duration of day-
light exposure. Thus, by measuring the OSL signal as a func-
tion of depth into the rock surface, it is possible to determine
how long the rock surface has been exposed to daylight, and
how long it was subsequently buried, by modelling the mea-
sured luminescence-depth profile. The challenges involved
in this procedure are addressed here, and in particular, the
ability of a rock surface to record multiple sequential burial
and exposure events is investigated experimentally. Existing
models are examined and new, potentially more appropriate
models introduced. These models are tested using both sim-
ulated and experimental data. Based on these tests it is con-
cluded that exposure ages are very dependent on the exact
model assumptions and that fitting parameters previously as-
sumed to be constant with depth are in fact not.

It is shown that, although correct model assumptions im-
prove the quality of exposure age estimates, significant dis-
crepancies between observed and expected fitting parameter
values remain and these discrepancies lead to inaccurate age
estimation. This is particularly the case when post-IR signals
from feldspar are used. The spectral dependency of lumines-
cence signals is examined to better understand these prob-
lems. The demonstrated depth dependency of fitting parame-
ters previously assumed to be constant with depth, also gives
rise to discrepancies in parameter values. The surprising ob-
servation that, in rocks, the IR50 signal is apparently more
easily bleached than the quartz fast-component OSL signal
is explained in terms of light attenuation effects other than
absorption (e.g. scattering and refraction) increasing the ef-
fective path length for shorter wavelengths, and so changing
the shape of the light spectrum with penetration depth. This
complicates parameter estimates in exposure dating even fur-
ther.

Alternative approaches (rather than parameter estimation)
for estimating how long a rock surface has been exposed to
light are considered, based on modelling the shape and po-
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sition of the measured luminescence-depth profile. It is con-
cluded that the most accurate exposure age is derived by in-
terpolating the depth of an unknown profile onto a curve of
profile depths from known age profiles (the Exposure Re-
sponse Curve, or ERC, approach). Generating ERCs by
artificially illuminating surfaces at very high intensities to
bracket the unknown profile, may provide calibration profiles
of arbitrary ’age’, determined by the total number of incident
photons. Such an approach is very likely to give more accu-
rate and precise light-exposure ages than using parameters
calculated from first principles, or than using a single natural
calibration profile (as is current practice).

The model dependency of rock surface burial dating is
also investigated, and encouragingly it is concluded that the
accuracy of burial dating is not significantly affected by the
application of inappropriate models to determine the expo-
sure history of a buried surface (and thus the degree of
bleaching before burial).

Dating rock surfaces accurately requires that the environ-
mental dose rate is modelled, because the dose rate is also
depth dependent and influenced by the size of the rock it-
self. A simple analytical model designed with this is mind is
presented and applied.

To investigate the accuracy and precision of rock surface
dating, both rock surface and standard OSL dating are ap-
plied to two important archaeological sites in Central France.
These two different applications determine: 1) the timing of
the changeover from Neanderthal to anatomically modern
humans, and 2) that Neanderthals were capable of making
symbolic engravings on cave walls. In the first case, rock
surface dating is successful, but in the other, the signal of
interest recorded by the rock surfaces appear to have been
erased by a prolonged exposure to daylight prior to sampling,
or removed by significant erosion of the surface, and only the
sediments retain the chronological information. These two
application studies illustrate both the potential and some of
the limitations of the method.

A PDF of this thesis and can be downloaded from Ancient
TL.

Elin Jirdén
OSL dating of the Mesolithic site Nilsvikdalen 7, Bjorgy,
Norway.
June 2022
Lund University, Lund, Sweden

Degree: M.Sc.
Supervisors: Helena Alexanderson and Amber Hood

Luminescence dating is a well-established dating method
within geological and archaeological research. However, the
use of luminescence dating, and more specifically optically
stimulated luminescence (OSL), is currently underutilised in
Norwegian archaeology. This study set about determining
the suitability of this dating method as a viable option for ex-
cavations of Norwegian coastal Stone Age sites. This is done
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by OSL dating six samples from three superimposed cultural
layers at a settlement (Nilsvikdalen 7) at Bjorgy, SW Nor-
way, which has previously been radiocarbon dated to the Late
Mesolithic period, and subsequently evaluating the method
suitability from the results.

The cultural layers all consist of varying degrees of
humus-rich sand with charcoal, where OSL samples were
taken from inside and outside an interpreted hut structure.
Quartz OSL dating was carried out using the Single Aliquot
Regenerative-dose (SAR) protocol for all six samples and
yielded successful results. The samples displayed a strong
quartz signal with excellent characteristics. The water con-
tent of the site yielded the highest uncertainties for the dose
rate determination and was after thorough evaluation deter-
mined to ~63—114%. Dose rate was determined to ~2—
4 Gyl/ka. Different age models were applied, where the mean
age was chosen for the final age determination. The bot-
tom cultural layer was dated to the Late Mesolithic, with
OSL ages of 8.07 0.51 ka and 7.02  0.43 ka inside the
hut, as well as 6.60  0.40 ka outside the hut boundary.
The middle and upper layers were dated to Late Mesolithic
— Early Neolithic, where the middle unit displayed an age
of 6.25 0.36 ka and the upper layer yielded ages of
5.56 0.32kaand 6.94 0.36 ka (all dates inside the hut).
Three of the samples overlap with the corresponding radio-
carbon dates, whilst the other three do not statistically agree
(values outside of 2 ) with the radiocarbon dates. For
the samples without statistical agreement, the OSL ages pro-
duced are younger than the corresponding radiocarbon dates.

For future OSL dating it is suggested to, if possible,
take a control sample of recent or known age from a site
area to reduce possible uncertainties in the luminescence age
determination process. Given the successful dating of the
Nilsvikdalen 7 site, this project demonstrates how OSL dat-
ing could provide a good solution for future dating of Nor-
wegian coastal Stone Age sites.

Raju Kumar
A new understanding of luminescence processes in
feldspar using novel site-selective spectroscopic
techniques
March 2020
Department of Physics, Technical University of Denmark, Risg
Campus, Denmark

Degree: Ph.D.
Supervisors: Dr. Mayank Jain and Dr. Myungho Kook

Metastable states in solids are widely used for dosimetry
and photonic applications. Feldspar, a ubiquitous naturally
occurring aluminosilicate, consists of many defects and im-
purities; some of these transform into metastable states by
capturing electrons or holes, when exposed to ionizing ra-
diation. These metastable states can have lifetimes of mil-
lions of years rendering feldspar useful for luminescence
geochronology. In this dating technique, the dose-dependent
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concentration of the metastable states (generated by ionizing
radiation) is measured via optically stimulated luminescence
(OSL) or infrared stimulated luminescence (IRSL) signals.
These signals are generated by charge transfer across the
metastable states, followed by electron-hole recombination
resulting in the emission of light.

Despite many decades of research, the luminescence
mechanisms and the associated defect system in feldspar are
poorly understood; for example, the defect responsible for
the main dosimetric trap (i.e. principal trap) and its physi-
cal characteristics are still unknown. This lack of knowledge
may largely be attributed to the inherent physical processes
involved in OSL and IRSL generation. The OSL/IRSL tech-
nique is not ideal for characterizing the principal trap (e.g.
optical trap depth, electronic states, number of defects and
their concentration, etc.) as it involves both electron and
hole sites as well as the charge transport dynamics, making
any interpretation of the electron-trapping state ambiguous.
Therefore, it is desirable to use site-selective methods that
can directly probe the principal trap without involving any
hole sites in the emission process. The main purpose of this
Ph.D. research is to advance our current understanding of the
luminescence processes in feldspar and the associated defect
system using site-selective multi-spectroscopic techniques.

This work shows that there are two principal traps in K-Na
feldspar. These traps emit Stokes-shifted infrared photolu-
minescence (IRPL) bands centered at 1.41 eV (880 nm) and
1.30 eV (955 nm). The two trapping centers have similar
electron capture cross-sections and excited-to-ground state
relaxation lifetimes, but different trap depths and excited-
state energies. These results suggest that the 1.41 eV and
1.30 eV emission centers consist of the same defect that re-
sides in two different sites and, thus, experiences different
crystal fields. Cathodoluminescence (CL) microscopy ex-
plores the question on the spatial variability of the two prin-
cipal traps and their link to feldspar composition. CL inves-
tigations suggest that the two emission centers (i.e. the two
traps) vary spatially even within a single-grain of feldspar
and their relative emission peak intensity (1.30 eV vs. 1.41
eV) shows a correlation with the K-Na content. This work
sheds new light on the long-standing issues of estimation of
trap depth in feldspar, and whether there are single or multi-
ple traps giving rise to the OSL/IRSL signals.

This Ph.D. research also establishes a link between the
IRPL emission bands (1.41 eV and 1.30 eV) and the
OSL/IRSL phenomenon. Tracking of changes in IRPL (i.e.
trapped electron population) due to IRSL (i.e. electron and
hole populations) shows that a) both the 1.41 eV and 1.30 eV
centers participate in IRSL, and b) only a fraction of the prin-
cipal trap population participates in the IRSL at a given mea-
surement temperature. A comparison of thermal depletion of
IRSL and IRPL signals suggests that the trapped electrons in
the principal trap are quite stable up to about 400 °C. The de-
crease in IRSL because of preheating to 300-400 °C occurs
due to the depletion of holes; the holes are used up during
the TL measurement (i.e., preheating) prior to the IRSL mea-
surement. Furthermore, it is observed that the electron trap-
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ping probability in the principal trap is both a function of its
electron capture cross-section and its distance to the nearest
hole. This new understanding is anticipated to play a crucial
role in the development of mathematical models of lumines-
cence phenomena involving metastable states. Finally, the
test of the potential of IRPL in sediment dating suggests that
IRPL can be successfully adapted to a SAR protocol; it re-
covers accurate equivalent doses from 100 to 300 Gy (age
range 20-128 ka) without a fading correction.

In terms of practical utility, a new measurement facility
for detecting infrared photoluminescence (IRPL) at 1.41 eV
(880 nm) and 1.30 eV (955 nm) for routine dosimetric mea-
surements has been developed. Furthermore, a dose mea-
surement protocol, i.e. coupled IRPL-IRSL SAR protocol, is
developed to measure natural doses in feldspar using IRPL.
This work establishes a fundamentally different dating tech-
nique based only on trapped electrons, compared to the ex-
isting OSL and IRSL dating techniques.

A PDF of this thesis can be downloaded from: https:
//orbit.dtu.dk/en/publications/a-new-underst
anding-of-luminescence-processes-in-feldspar
-using-n and from Ancient TL.

Kieran O’Gorman
Internal dose rates of single feldspar and composite
mineral grains: Methodological developments and
optical dating applications
August 2021
University of Wollongong, Wollongong, Australia

Degree: Ph.D.
Supervisors: Zenobia Jacobs, Bo Li, Dominique Tanner

Optical dating of feldspar grains is playing a pivotal role
in establishing timelines for hominin occupations in many
parts of the world, including the Altai and Wallacea—two re-
gions that are research hotspots for the study of human evolu-
tion, ancient dispersals and inter-group hominin interactions.
A key challenge of optical dating of feldspar grains is de-
termining the radioactivity within individual grains that are
used for dating. Feldspar grains can contain up to ~ 14 wt%
potassium (K) and considerable concentrations of rubidium
(Rb), thorium (Th) and uranium (U), all of which have ra-
dioactive isotopes that give rise to an internal dose rate com-
ponent. The internal dose rate can have a major impact on
both the precision and accuracy of optical age estimates.

Feldspar grains are often composed of multiple mineral
phases of variable compositions. Previous techniques used
to determine K concentrations of feldspar grains are time-
consuming, and either lack the spatial resolution to clas-
sify discrete mineral phases within grains or the coverage
to obtain whole-of-grain average K concentrations. Sam-
ples from two sites (Ust’-Karakol-1 in the Altai and Leang
Bulu Bettue in Wallacea), located in contrasting geological
settings (plutonic versus volcanic terranes), are used to de-
velop an approach where quantitative evaluation of minerals
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using energy-dispersive spectroscopy (QEM-EDS) is used to
rapidly determine whole-of-grain average K concentrations
of individual luminescent feldspar grains.

This approach is also applied to samples from two
iconic archaeological sites: Denisova Cave in the Altai and
Liang Bua in Wallacea. Individual luminescent grains from
Denisova Cave are dominated by low-temperature feldspar
varieties, which are characteristic of plutonic terranes; most
grains are K-rich. Individual luminescent grains from Liang
Bua are composite mineral grains composed of a range of
feldspar varieties, quartz, clay minerals, heavy minerals and
volcanic glass. These grains have a broad range of whole-of-
grain average K concentrations—most are low-K. A novel
approach, using QEM-EDS and laser ablation inductively
coupled plasma mass spectrometry, is developed to inves-
tigate the K, Rb, Th and U concentrations of these grains,
and determine single-grain and sample-average internal dose
rates. Samples from different sedimentary contexts at the site
have different internal dose rate distributions.

The potential of using infrared stimulated luminescence
(IRSL) and post-infrared IRSL signal behaviours as proxies
for K concentrations, as an alternative to directly measur-
ing K concentrations, is investigated for one sample with a
broad range of K concentrations. Signal intensity and fading
rates are poor proxies, whereas thermal stability shows good
potential for selecting the most K-rich grains with the most
thermally stable IRSL signals.

Finally, optical dating of K-rich feldspar grains from
32 sediment samples is used to construct a better-resolved
chronology for the sedimentary deposits of the South Cham-
ber of Denisova Cave. The internal and external dose rates
and equivalent dose distributions of samples from three sed-
imentary profiles are scrutinised. The resulting chronology
is compared to those previously obtained for Main and East
chambers. Together, the data provide further insights into
the timing of occupation of this iconic site by Denisovans,
Neanderthals and modern humans.

Choudhurimayum Pankaj Sharma
Paleoclimatic Reconstruction from the Late
Pleistocene-Holocene Sedimentary Archives of Ladakh
Himalaya.

April 2022
Wadia Institute of Himalayan Geology, Dehradun, India, and
Banaras Hindu University, Varanasi, India

Degree: Ph.D.
Supervisors: Dr. Pradeep Srivastava and Prof. Uma Kant
Shukla

The climate which is as old as the earth itself has been
ever-changing and the current understanding of climate and
its variation which is based on barely three-century-old in-
strumental data is insufficient to assess the wider pattern, ma-
jor forcing, and its effects. This demands better exploration
of geological archives of climate variability. At present
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mountainous areas such as the Himalaya is evidently re-
sponding to climate change mainly in the form of widespread
glacial retreat. These events are not unnatural since compar-
atively larger changes were known to occur in the recent ge-
ologic past. However, with the rise in the population where
the global 15% is dependent on the freshwater supply from
Himalayan Glaciers and rivers, a slight change becomes cru-
cial.

The Himalaya has been acting as a barrier to the Indian
Summer Monsoon (ISM) rainfall where the area north of
its highest peak remains a rain shadow. It is influenced by
the three climatic systems Vis ISM, Westerlies, and the East
Asian Summer Monsoon (EASM). Ladakh in its western part
is one of such areas influenced partly by westerlies and partly
by the ISM. Recently, Ladakh is known to be highly suscep-
tible to hydroclimatic hazards and subjected to occasional
catastrophic hydrological events, and is known to endanger
lives and properties of people residing there. Detailed in-
vestigation of geological archives of climate is imperative
to expand our knowledge of climatic variability and extreme
events that rarely occur on the human timescale. Ladakh is
known to be affected almost annually by debris flows ranging
from minor to catastrophic scale events. Though triggered by
abnormal climatic conditions the long-term causative factor
has been its topography. The present thesis deals with past
climate reconstruction, understanding flood history, and past
extreme hydrological forces that directly impact the infras-
tructures and lives of inhabitants of Ladakh.

To reconstruct the past climate, a chronologically well-
constrained sedimentary archive from Upshi (Ladakh) was
studied using a multi-proxy approach i.e. (palynologi-
cal, geochemical-stable isotopic analysis, and environmen-
tal magnetism). Several slack water deposits (SWDs) pre-
served along the Indus River at Ladakh were explored to
reconstruct past floods. SWDs are stacks of sand-silt cou-
plets deposited rapidly during large flooding events in areas
where local geomorphic conditions cause a sharp reduction
of flow velocity. Each couplet represents a flood and here the
age is constrained using Optically Stimulated Luminescence
(OSL) for sand and AMS 14C for charcoal specks from
hearths. Lastly, in an attempt to understand the role of debris
flows in landscape evolution through time and space, past
events were investigated using sedimentary facies analysis
and luminescence chronology. All ages fall in the Holocene
Epoch. Three independent methods namely Weights of Evi-
dence (WOE), index of connectivity (IC), and Flow-R model
were used to examine the vulnerability of the region to debris
flow hazards.

So based on these studies the last three millennia is known
to witness three major climatic oscillation- (1) warm from
~2.7 to 1.8 ka, (2) cold from ~ 1.8 to 1.1 ka, and (3) warm
from ~ 1.1 to present and the record is comparable to the cli-
matic history of the Ganga and its foreland. After the last
glacial maximum, three phases of increased extreme flood
recurrence happened — from ~ 14 to 11, ~10to 8, and ~7 to 4
ka with increased penetration of ISM. The provenance study
suggests Zanskar River is highly erosive during floods. The
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presence of hearths also indicates ancient human activity and
the timeframes were established using the 14C ages open-
ing up the question of past Human existence in this region
for further studies. The warm climatic phases were found to
be influenced by planetary warming and solar insolation in
the last three millennia. The high flooding phases were also
found to be connected with the dynamics of the arctic re-
gion. The study of debris flow indicates they were an impor-
tant agent of denudation and aggradations and such events
will continue to occur regardless of human activities. The
susceptibility and risk analysis suggest presently Phayang,
Shakti and Kharoo are conductive for frequent gully centric
flows whereas the rest is likely to get buffered. However, this
might lead to higher magnitude but lesser frequency mass
flow events.

Nupur Tiwari
Technology, chronology and landscape archaeology of
microlithic occurrences in the central Narmada Basin,
Madhya Pradesh, India

May 2022
Indian Institute of Science Education and Research, Mohali
(IISER), Punjab, India

Degree: Ph.D.
Supervisor: Dr. Parth R. Chauhan

The research carried out for this PhD thesis aimed to sur-
vey open-air microlithic sites in Sehore and Hoshangabad
Districts of the central Narmada Basin or river valley in Mad-
hya Pradesh, India. Geographically, the surveys were tar-
geted along the Vindhyan Hills to the north of the basin,
along the Gondwanas or Satpuras to the south of the basin
and the intermediate Narmada floodplain zone in the cen-
tre, thus dividing the study area into three distinct zones,
i.e. northern, central and southern. The study area se-
lected for this study is located in the central region of the
Indian Subcontinent. This region must have served as a cor-
ridor for various faunal species and hominins (abundant ver-
tebrate and invertebrate fossils and the only-known archaic
hominin fossil, a partial cranium, was discovered in this re-
gion). The goal of this research was threefold: (1) to under-
stand the geoarchaeological and spatial contexts of the mi-
crolithic record and associated attributes in the central Nar-
mada Basin, (2) to establish a preliminary geochronological
framework of microliths in this region and spatially docu-
ment the evidence to reconstruct the landscape adaptations
by hominins in the north, central and south of the Narmada
River in this part of the basin and (3) to address specific char-
acters of the regional microlithic typology, technology and
chronology in the study area and broad comparisons with
other regions of India.

Luminescence dating was applied at key sites to under-
stand the temporal context of the microlithic record in the
study area. This provided a broad antiquity to the distribution
of microliths in the valley, contributing to more robust inter-
pretations of the region’s occupational history. There are no
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lengthy stratigraphic sections bearing microliths in situ, ex- wari05 @ gmail.com
cept for a few sloping sedimentary horizons that were erod-

ing. These sedimentary horizons regularly yielded microliths

and were least disturbed; few of these sites were selected for

OSL dating.

The scarcity of dateable microlithic sites was observed
during the explorations and surveys. Most of the sites ap-
peared in the pediment zone of Vindhyan and Gondwana
foothills. The context of all these sites and occurrences
are varied, which points towards a significant and intensive
use of the landscape and highly mobile groups of hunter-
gatherers. The immense spread of microliths around this
region and their absence in some pockets is now better un-
derstood through intensive surveys. Sites for OSL sampling
were selected after exploring all accessible regions with thick
sediment accumulation and the appearance of associated mi-
croliths eroding out. The selected sites were visited multiple
times before deciding upon specific locations for sample col-
lection. Hence, the least disturbed sites with microlithic oc-
currences were selected to understand the nature and timing
of the burial of these microliths as well as the general age of
their sedimentary contexts.

Specific criteria were fixed before sampling was carried
out, including the assemblage size and artefact condition.
Four sites from the northern region, i.e. Pilikarar-I, Pilikarar-
II, Naganpur-I and Chikli, and two sites from the southern
region, i.e. Morpani and Parccha were selected.

Infra-red (870 40 nm) stimulated luminescence (IRSL)
was measured using the combination of Schott BG 39 and
Corning 7-59 (320-460 nm). Optically stimulated lumi-
nescence (OSL) from quartz was measured using a 7.5 mm
Hoya U-340 (330 35 nm) after blue light stimulation
(470 20 nm). Single aliquot regenerative dose (SAR) pro-
cedure was used to estimate the equivalent dose using IRSL
as suggested by Murray and Wintle (2003). Any sensitiv-
ity changes that occurred during the multiple heating, stim-
ulation and irradiation in the sample may be corrected by
a constant subsequent test dose luminescence signals. Pre-
heat temperature for polymineral fine grains and coarse grain
quartz grains were 250 °C and 240 °C, respectively. Each
aliquot was subjected to a strict set of criteria before be-
ing accepted, and those criteria are 10% of test dose error,
10% of recycling dose and 5% recuperation dose. These fine
grains are polymineral in nature, and only feldspar grains
emit IRSL. IRSL of irradiated feldspar exhibit fading with
time, and hence fading rate of IRSL for each sample was esti-
mated as per the method adopted by Auclair et al. (2003). All
the luminescence measurements were carried out in Risoe
TL/OSL Reader Model DA-20 (Bgtter-Jensen, 2003). Lumi-
nescence ages were calculated using equivalent dose divided
by dose rate, and the fading corrected ages were obtained
using the calculated fading rates following the procedure es-
tablished by Huntley and Lamothe (2001). Dates obtained
through fine-grained IRSL confirm microliths’ last burial age
between Late Pleistocene to Late Holocene (~ 50 ka—2 ka).

A PDF of this thesis can be requested from: nupurti-
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Conference Announcements: UKLUM 2022

UK Luminescence and ESR meeting 2022
Royal Holloway University of London

This is the first announcement for the 2022 UK luminescence and ESR dating meeting
(UKLUM2022) which will be held at Royal Holloway University of London between the 7"
and gth of September, 2022.

The meeting will provide an informal forum for discussing luminescence and ESR research,
with an emphasis on recent developments, ongoing work and student projects. Oral and
poster presentations will be welcome, particularly from student and early career
researchers. To register an interest or request further details please contact Simon
Armitage using the conference specific e-mail address: UKLum2022@rhul.ac.uk

We look forward to welcoming you to Royal Holloway.

UK Luminescence and ESR meeting 2022 S5ty ROYAL

HOLLOWAY
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Conference Announcements: APLED 2022

Dear Colleagues,

It is our pleasure to announce The Sixth Asia-Pacific Conference on Luminescence and
Electron Spin Resonance Dating - APLED 2022, which will be held online on 26-28 September
2022, organized by Ankara University. The theme for the conference is to bring together
academic researchers and scientists worldwide. The language of the conference is English.
The topics of the conference are the following:

Basic physical processes for luminescence dosimetry and dating
Material characterization for luminescence dosimetry and dating
Innovative dating and dosimetry approaches

Advances in dose rate determination

Instrumentation and procedures

Luminescence and ESR Dosimetry

Advances and applications of ESR

Advanced technologies and methods on luminescence, ESR dosimetry and dating
. Applications in earth and planetary sciences

10. Applications in archaeology

11. Other related topics

©oNOUAWN R

We would like to invite you to submit your research article in APLED-2022. The conference
includes invited lectures, oral and poster presentations. The presentations will be in sessions
covering the conference topics. There will also be Q&A at the end of each session. There will
be poster sessions in which a video related to the research can be uploaded.

Additionally, sponsors will have a chance to present.

Abstract Submission and Early Registration: 1 August 2022

Abstract Acceptance: within 15-20 days

Please follow the website for announcements: apled2022.org

We hope that you take the opportunity to attend our online conference and meet
colleagues.

Looking forward to seeing you in APLED-2022.
Best Regards,

The Local Organizing Committee
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Conference Announcements: 14™ NWLDW

The US Geological Survey (Denver) is hosting the New World Luminescence Dating
Workshop (NWLDW) in Palisade, Colorado. This workshop will take place directly after the
Geological Society of America annual meeting in Denver to allow for our academic friends to
only be away from their classrooms for one week.

The meeting will be at the Wine Country Inn of Palisade, Colorado very close to Grand
Junction, Colorado. Wine Country Inn sits in the middle of fruit orchards and vineyards on
terraces of the Colorado (Grand) River. Local fruit stands and a small town brewery
compliment the warm days and cool nights. Towering mesas capped by the Mesa Verde
Group with Mancos Shale beneath offer stunning contrasts to view while you sip your wine
grown right on site at 777 Grande River Drive, Palisade CO 81526 (970-464-5777). Colorado
National Monument is a short drive away, as is Grand Mesa. Palisade is served by two
airports with direct flights from Denver: Montrose, Colorado and Walker Air Field of Grand
Junction. It would also be a beautiful drive from Denver through the Rocky Mountains with
fall scenery. Denver transportation can also be arranged for car pooling if needed.

The NWDLW has two parts: a one-day calibration of portable gamma spectrometers on
either Dept. of Energy drill pads or drill holes on Thursday and more traditional presentations
and posters on Friday and Saturday. We have access to a detailed report outlining the drill
pad and hole options. You need not have a portable gamma spec to see the facilities and get
an idea of contacts or available calibration options.

The day for the gamma spectrometry calibrations is Thursday October 13, 2022.
Presentations are Friday and Saturday October 14 and 15. The meeting will end around 4
pm Saturday for those that need an earlier start back. Or you could join us for a final goodbye
to the wine room. Return home Sunday October 16, 2022.

A block of rooms has been set aside for meeting participants. Rooms are $165/night and can
hold 2-3 people. You will need to book your own rooms with the NWLDW group before
September 15 (970-464-5777). Breakfast is provided by the Inn, as well as complimentary
happy hour wine so this is a very good deal indeed. We will have a Friday night dinner
hosted by the Inn around $35-$40/person. We will set up an Event Brite page for credit card
registration and dinner so that we don't have to pester you for IOU's at the workshop.

We anticipate that registration will be $100/professionals, $50/early career, and $25/students.
Registration covers conference room rental, complimentary glass of wine/beer at happy hour,
and programs. Cost is low due to sponsorship of the meeting, so please encourage students to
come.

Abstracts for the program are due August 31. They are limited to one page in any
format you desire except please use Times New Roman 12 Font. These abstracts can
cover any topic that you think the group will find interesting in dosimetry, luminescence
theory, applications, or database archiving. Conference organizers are Shannon Mahan
(smahan@usgs.gov), Harrison Gray (hgray@usgs.gov), and Emma Krolczyk
(ekrolczyk@usgs.gov). Please e-mail any questions to us.
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Conference Announcements: LED 2023

17th INTERNATIONAL LUMINESCENCE AND
ELECTRON SPIN RESONANCE DATING
CONFERENCE (LED2023)

Copenhagen

.
N
S

We are pleased to announce that LED2023 will take place from the

26" - 30*" June 2023
DGI byen
Copenhagen

in the good old-fashioned “let-us-meet-in-person” style.

LED2023 will cover similar scientific themes to previous LED conferences and
we hope to attract a large number of students and professionals working in the
field of luminescence and ESR dating. We aim to provide a pleasant and
stimulating environment for presentations and discussions.

The conference homepage will be launched soon and will provide further
practical details regarding the conference.

Please send any queries or requests to LED2023@dtu.dk

We look forward to welcoming you in Copenhagen.

The organizing committee, DTU Physics
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