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Abstract

A new facility within the software package
Analyst is described, allowing users to run R
scripts with little or no need to interact directly
with the R language themselves. This tight
integration of R within Analyst provides users
with a much more powerful platform in which
to undertake selection and analysis of their
data than is currently available. The current
implementation focusses on the use of the R
‘Luminescence’ package for visualisation
and statistical modelling of equivalent dose
distributions, but the wide variety of other
capabilities of the R statistical language can
also be accessed using this new system. For
users with more experience of using R, this
new version of Analyst allows them to tailor
their analysis in a way that is specific to their
application, whilst retaining the simplicity of
the Analyst interface. The ability to exploit
the complex statistical methods available in R
from within the Analyst environment provides
a powerful new approach to data analysis in
luminescence research.

Keywords: Analyst, Data analysis, R

1. Introduction

The number of steps involved in protocols being used for
dose reconstruction using luminescence is expanding (e.g.
the multiple elevated temperature (MET) IR protocol of Li
& Li (2011), and the violet stimulated luminescence (VSL)
SAR protocol of Ankjergaard et al. 2013), as is the range of
luminescence signals being measured (thermoluminescence

(TL), isothermal luminescence, optically stimulated lumi-
nescence (OSL), pulsed OSL, spatially resolved TL or OSL
etc.).

The Analyst software package provides a simple user in-
terface allowing researchers to process their data (Duller,
2015). The aims of Analyst have been fourfold: (1) to allow
users to select which parts of a sequence of data measure-
ments should be used for analysis; (2) to allow users to visu-
alise each measurement in a simple manner; (3) to undertake
analyses such as dose response curve fitting and equivalent
dose determination, OSL curve fitting, and g-value determi-
nation; and (4) to make it simple to export data from Analyst
so that it can be analysed in other software. The approach
used in Analyst is to make interaction with data a very vi-
sual and direct process. Changes are made using the mouse
or keystrokes, and the impact of these is immediately seen.
However, a major disadvantage of Analyst is that it cannot
be configured by users to undertake new calculations, new
methods of analysis, or new types of display.

In recent years a highly flexible package,
‘Luminescence’ (Kreutzer et al., 2012), for the language R
specifically aimed at assisting research in luminescence has
been developed. R is an open source statistical language (R
Core Team, 2018) that has become extremely widely used,
especially in scientific work (e.g., Tippmann, 2014). One of
the most powerful aspects of the language is the ability of
users to write their own functions, and collect these together
to create a package, and to make this package available
to users around the world via CRAN, the Comprehensive
R Archive Network (https://cran.r-project.org).
Documentation is always provided with these functions, so
that users can obtain information about the purpose of a
function and how to use it.

A common reason why many luminescence researchers
may have begun to use the statistical language R is to run
some of the age models described by Galbraith et al. (1999)
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such as the central age model (CAM) or the minimum age
model (MAM). These were originally written in the language
S, but the models run with little modification in R which is
freely available. New models such as the IEU model are also
now available (Thomsen et al., 2007; Smedley, 2015). The
‘Luminescence’ package (Kreutzer et al., 2012) provides a
wide range of analytical capabilities specifically dedicated to
the analysis of luminescence data, especially its use in dating.
Since its launch in 2012 the package has undergone rapid
expansion in the range of functions that it provides.

However, using the ‘Luminescence’ package requires
at least some understanding of the R language, and while
detailed examples of how to use the package for analysis of
data for dating have been published (e.g., Dietze et al., 2013;
Fuchs et al., 2015), the need to learn some elements of the R
language has been an impediment to some researchers adopt-
ing this new approach. Burow et al. (2016) provide an alter-
native route with the software ‘RLumShiny’, that creates a
simple graphical user interface (GUI), but here the function-
ality is fixed by the designer, and not by the user, and so only
part of the power of the ‘Luminescence’ package and the R
language are available. This paper describes changes made
in the latest version (v4.57) of Analyst which allows users
either to exploit the power of the ‘Luminescence’ package
without having to write any R code of their own, or allows
users to write simple scripts (or modify existing scripts). All
of this is achieved from within the Analyst package, to sim-
plify access to the power of R.

2. Implementation within Analyst

Analyst runs scripts (sets of commands written in the R
language) using the programme RScript that is a core part
of R itself. Analyst writes the script chosen by the user to a
file, calls RScript with the name of this file as an argument,
and then collects the output from RScript to present it within
Analyst (Fig. 1). Currently, the part of Analyst where R can
be accessed with data is the single aliquot regeneration sec-
tion. Analyst provides the opportunity to analyse many single
aliquots, or single grains, to generate many equivalent dose
(D,) values. These D, values are written to a file and then
read by the R script. As well as the D, and its uncertainty,
parameters such as the intensity of the luminescence signals,
the L,/T, ratios and their uncertainties, the recycling ratio,
recuperation, the fitting parameters for the equation used to
fit the dose response curve, and many others are exported and
hence are available for further analysis within the R script.

The range of parameters exported to the R script is sub-
stantially larger than was available in the summary table of
earlier versions of Analyst. The most important enhancement
has been to export the dose response data for each aliquot.
For each point in a regenerative dose measurement sequence,
the dose, the signal from the regenerative dose (L), its back-
ground, the signal from the test dose (7)), its background,
the ratio of L, /7, (and its uncertainty) are all exported. This
opens up many possibilities for data analysis in R. For in-
stance, it makes it possible to plot multiple dose response

Text and graphical
output from R

ASCII data file from /

—) y Table
AnalystDeData.txt

v

RScript

o | Script file with R
commands

\4

Figure 1. Schematic of how R has been integrated within Analyst.
Data from the summary table produced in the SAR data analysis
section is saved to an ASCII data file. An R script file is automat-
ically generated by Analyst. RScript is a programme called by An-
alyst that runs the R script. The script then imports the ASCII data
file and undertakes whatever analysis the user wishes. Analyst col-
lects any text or graphical output from R and displays this within
Analyst. Throughout this process the user remains within Analyst
(the section in the dark blue box). The parts of this process shown
in grey boxes are not visible to the user

curves (Fig. 2). An R script can be run using a single click of
a mouse, and any text results are presented within a window
that is part of the Analyst programme (Figure 2). Graphical
output produced by the R script is also shown within the An-
alyst programme, and can be copied to other packages via
the Windows™ clipboard.

3. Scripts and variables

A number of scripts are automatically available when An-
alyst is installed, and can be seen as soon as R is detected
(the user is responsible for installing R on their computer).
These scripts are simple sets of R commands. There is no
limit to the length of the scripts. The scripts consist of a se-
ries of lines of commands and comments. Extensive use of
comments is encouraged in order to make the intention of the
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User defined variables
window

— ) /
3 R Script: Plot_Multiple_DRC (BT
Function Select Script Manage Scripts /

R Script window

#======================================= # - :]
# Name: Plot_Multiple_DRC # how Natural [~
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# Purpose: To plot dose response curves (DRC) for more than # ymbq|1j P
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-
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Y| Welcome to the R package Luminescence
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M| price.'

™~

Graphical output
window

o
S 4
T T T T T

Text output 0 1 2 3 .

window - SessiEn J
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Figure 2. Output from running an R in Analyst script to plot multiple dose response curves for different aliquots of a single sample. The user
interface shown here is within the Analyst program. The four different sections of this interface are labelled. The R script to be run is shown
in the upper left hand panel. Any variables defined by the user (see later in the text) are listed in the upper right hand panel, and the values of
these variables can be changed when the user runs the script. Once the script is run (from the Analyst Function Menu item), any text output
from R is shown in the left hand panel, and any graphical output is shown in the bottom right hand panel.

code clear. An example of a script is given in Listing 1. To Listing 1. RAN-file example - MAM_Abanico
make it simpler to discuss the script in this article, line num- 1+ # #
bers have been added in Listing 1, but these are not part of > # Name: MAM_Abanico #
the script itself. > # . o #

Lines 1 to 10 are simply comments, and give the name of ‘ : P:Zp:iz ) DZO di:;i:ﬁ?iig if:alfzdel i
the script (line 2) and its purpose (lines 4 to 7). The script first ( # an Abanico plot of the data #
ensures that the ‘Luminescence’ library is activated (lines | 4 chowing the derived MAM De #
12 to 14), and then reads the data file (lines 18—19) that has , # #
automatically been created by Analyst from the single aliquot ¢ # GAT Duller, August 2017 #
analyses. Line 20 removes any results that do not contain 1 # #
finite D, values and uncertainties on the D,. The table of
results is stored in the variable LumData, and by attaching "> 3if(!require(Luminescence)){
this object (line 24) the various fields within the structure " library("Luminescence")
(the different columns of data within the Analyst table) can " ¥
be accessed just by writing their name. For instance, the list .

. . K 16  #Remove any incomplete rows of

of D, values and their uncertainty can be accessed simply S O [9) 6y (i e 50 S S
using ED and ED_Err (line 28). To see a list of the names = [ nota <- read.delim("AnalystDedata. txt",
of the columns of data in the file written by Analyst, users |, gep="\t", header=TRUE)
can run the script List_SAR_data_fields whichisincluded ,, LumData <- LumDatal[is.finite(LumData$ED) & is.
with Analyst. < finite(LumData$ED_Err), ]
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#Attach the data so that it
#is easier to access
attach(LumData)

#Write a dataframe with just the
#De and De error
AnData <- data.frame(ED,ED_Err)

#Calculate the MAM. Variables allow one to
# choose whether it is the logged or

# unlogged model, what value of sigmab

# to use and whether it is the

# 3 parameter or 4 parameter MAM

#NB: When using the logged model sigmab is in %
# When using the unlogged model sigmab

# is in dose units (Gy or seconds)

MinAge <- calc_MinDose(AnData,

sigmab=$1, log=$2, par=$3)

#Create a plot of the data showing the MAM De
if (34) {
plot_AbanicoPlot (AnData, log.z=TRUE,

z.0 = MinAge$summary$de,

main=as.character (Filename[1]))

} else {

plot_AbanicoPlot(AnData, log.z=TRUE,
z.0 = MinAge$summary$de, cex = 1.2)

}

The minimum age model of Galbraith et al. (1999) is run
in lines 39—40 using the function calc_MinDose() which
is part of the ‘Luminescence’ package. This function re-
quires a list of D, values and their uncertainties, and these are
in the variable AnData that was created in line 28 from the
list generated by Analyst. The function also requires users
to specify a value of sigmab, the overdispersion exhibited
by a well bleached population of D, values. The correct
choice of sigmab is critical to the running of the minimum
age model, and the subject of much research (Galbraith &
Roberts, 2012). It would be possible to write a script where
the value of sigmab was fixed, but if the user wished to see
the impact of using a different value then they would have
to edit the script, save it, and then rerun it. A more flexible
approach is to use a variable. In the script shown in Listing 1
the user can change the value of sigmab without having to
edit and save the script.

Analyst allows users to define as many variables are they
like, and these are numbered from 1 upwards. A variable is
shown by preceding it with a dollar symbol (e.g., variable 3
is $3). In the script (line 40) the value of sigmab is variable 1
($1). When the script is ready to be run, Analyst shows a list
of variables (right hand side of Fig. 3), and whatever value
a user types into this box will be used to replace any occur-
rence of the variable $1. In this example, variables are also
used so that users can select whether the logged or unlogged
MAM is used (variable 2, $2), and whether the 3 parameter
or 4 parameter MAM is used (variable 3, $3). Variables give
users a very rapid method of exploring the impact of chang-

58 R Script - =Nl X
['Setect Script Run Script Manage Scripts
FCalculate the WAV, Variables allow one to choose whether it is Varables
#the logged or unlogged model, what value of sigmab to use an Sigma b[o.15 =
[#whether it is the 3 parameter or 4 parameter MAM g B
#NB: When using the logged model sv?map is in %, . Logged model 12
# when using the unlogged model sigmab is in dose units (Gy or seconds)
MinAge <- calc_MinDose(AnData, sigmab=0.15, 1og=TRUE, par=3) Paametl;  v]
fereate 3 plot of the data showing the 1A De ST ol
i Ti
g\o{jbanicoﬂut(mmta, log.z=TRUE, z.0 = MinAge$summary$de, main=as.character(File

else
gWotjbani(oP]c((AnData, log.z=TRUE, z.0 = MinAge$summary$de, cex = 1.2)
« il »
e

Figure 3. The view of the script in Analyst, showing how the values
for variables are inserted automatically into the R code. The panel
on the right hand side lists the four variables defined by the user for
this script. Before the script is run, the user can change the values
of any of these variables. The panel on the left hand side shows the
script that will be run. Note how line 39-40 in Listing 1 (MinAge
<- calc_MinDose()) has had the variables $1, $2 and $3 replaced
by the values specified here (§1 = 0.15;$2 = TRUEand $3 = 3).

ing a value, and allows scripts to be more flexible than if all
the parameters were fixed. Variables can also be used to alter
the size of symbols in plots, the text displayed on axes, and
many other aspects of the script.

As an example of using R within Analyst, Fig. 4 shows the
results of running the script shown in Listing 1 for a single
grain quartz data set for a fluvial sample from central south-
ern Africa (Larkin et al., 2017).

As well as providing access to functions that have been in-
cluded in existing packages (such as ‘Luminescence’), the
ability to write ones own R scripts opens up enormous oppor-
tunities for data exploration, and for adopting novel methods
of analysis. A good example is provided by the suggestion
of Thomsen et al. (2016) to analyse single grain D, distribu-
tions by taking into account the characteristic saturation dose
(Do) of each individual grain. All of the information needed
to undertake the procedure described in that paper is avail-
able within Analyst, and the ability to write R scripts allows
the user to develop a script that could automate this analysis
whilst the user remains within the Analyst GUI environment.

4. Limitations of implementing R in Analyst

The ability to run R scripts from within Analyst is de-
signed to allow users to benefit from the power of R (and
especially the ‘Luminescence’ package) without having to
have a deep understanding of the R language and syntax.
While the implementation in Analyst provides a great sim-
plification compared with running in the R terminal itself,
there are a number of limitations and drawbacks.

The most important of these is that if researchers wish
to write new scripts or edit existing ones, there is no help
within Analyst about the R language, or about the parame-
ters needed for different functions. One of the benefits of
the system of packages in R is that they all provide docu-
mentation of how to use the functions, along with examples.
Although Analyst does not provide access to this help, the
site https://www.rdocumentation.org/ provides a very
convenient interface to all of the help files for R packages.
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Figure 4. Output from running the R in Analyst script MAM_Abanico provided with Analyst, applied to a set of 367 D, values for individual
quartz grains. The MAM D, value is given in the panel on the left (1.09 + 0.02 Gy), along with other parameters fitted by the MAM. The
data are plotted on an Abanico plot, and the grey bar shows the MAM D, value. The graphical output can be copied to the Windows™

clipboard so that it can be exported easily.

Typing ‘Luminescence’ or the name of a specific function
(e.g., calc MinDose()) into this search tool will bring up
help associated with that topic, and this will normally include
example scripts demonstrating how to use a function.

A second disadvantage is that programming environments
such as RStudio® (https://www.rstudio.com), provide a
lot of assistance when writing R code, such as autocomplete
(similar to predictive text on a mobile phone), but this type of
help is not available within Analyst. An effective solution to
these limitations for more experienced users is to work both
within RStudio® and Analyst when developing scripts, then
to use copy and paste so that scripts developed in RStudio®
can be run in Analyst.

5. Conclusions and future developments

This new functionality in Analyst was first demonstrated
at a workshop that preceded the 15" International Lumines-
cence and Electron Spin Resonance Dating conference held
in Cape Town in September 2017. In the 4 hour afternoon
session dedicated to Analyst, delegates whose previous expe-
rience of Analyst varied from almost zero to many years, and
whose experience of R varied from none to very experienced,
all managed to successfully run R scripts within Analyst to
run the MAM on a set of D, values, and to use R to plot these
on an Abanico plot (Dietze et al., 2016). The feedback from
that session has been used to improve the current version,
especially to overcome some of the issues with permissions
within Windows for installing the software. It is hoped that
other colleagues will find this new facility relatively simple

to use, and that it will provide a great deal of power to anal-
yse luminescence data. Analyst (v4.57) can be downloaded
for free from http://users.aber.ac.uk/ggd.

While the scripts automatically installed with this latest
version of Analyst have been designed to utilise the func-
tions within the ‘Luminescence’ package, other parts of
the R language, and other R packages can also be used (e.g.,
‘num0SL’, Peng et al. 2013).

Scripts written for R within Analyst can be saved as so-
called RAN-files. These files can then be imported into An-
alyst at a later date, or into Analyst installed on a different
computer. The ability to save these scripts is so that users can
archive the scripts, or so they may make the scripts available
to other researchers. In this way it is hoped that the types
of analyses that can be undertaken on luminescence data can
be expanded, and that where authors show results from novel
types of analysis they are able to make the scripts available
as RAN-files so that other colleagues are able to use these
new methods. A website where RAN-files can be shared is
under construction and the author welcomes contributions of
RAN-files from colleagues.
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Introduction

The 12" annual New World Luminescence Dating Work-
shop (NWLDW) was hosted by Dr. Regina DeWitt of East
Carolina University in Greenville, North Carolina from June
27-30, 2018. This workshop is annually attended by re-
searchers and practitioners from across North and South
America (Table 1). Attendees presented current research ini-
tiatives and discussed new scientific advances in lumines-
cence dating via oral and poster presentations followed by
question and answer sessions. In addition, attendees partici-
pated in multiple panel and working group discussions con-
cerning future scientific research, community development,
and scientific infrastructure.

Executive Summary

The NWLDW forum serves to gather scientists concerned
with luminescence and ESR geochronology and technique
development to discuss recent scientific advancements, es-
tablish collaborations, further educate students in the field of
luminescence dating, and discuss initiatives relevant for the
community. As the luminescence or “trapped charge” com-
munity expands, and a new generation of enthusiastic scien-
tists enters the field, it has become necessary to formally col-
lect and present the consensus of this community to the wider
research community as is done in other fields (e.g., Hunting-
ton & Klepeis, 2017). As such, we wish to begin the publica-

tion of community-authored white papers, such as this one,
stemming from the panel discussions at the 12" NWLDW.
The purpose is to secure future educational requirements,
and ensure community priorities are communicated to fund-
ing agencies, research groups abroad, and the general public.
These initiatives include: (1) the development of a trapped-
charge professional society, (2) the development of an open-
source database to house luminescence age data, (3) a formal
laboratory inter-comparison study, and (4) the development
of calibration standards for various methods in luminescence
dating. These discussions were constructive and fruitful with
the conclusions being described in the following sections.

Intellectual Merit

Our knowledge of the scientific basis for luminescence
dating, and the insights arising from its application, are ex-
panding at an exponential pace (Nelson et al., 2015). Lumi-
nescence dating methods are being applied to a wide array
of geologic environments, cultural sites and materials. Re-
sulting ages are used to solve a variety of scientific prob-
lems (Rhodes, 2011; Smedley, 2018), and serve as an inde-
pendent variable in studies requiring multi-level geochronol-
ogy. Geologic and archaeologic problems in which lumines-
cence dating has been applied range from quantifying rates
and timing of surface processes (Rittenour, 2018) to con-
straining our evolution and origin as a species (Roberts &
Jacobs, 2018). In addition to dating, novel applications of
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Table 1. Attendee list for the 12" NWLDW meeting.

luminescence physics continue to develop at a rapid pace
(Smedley, 2018). Some of these applications arising in
the recent decade include thermoluminescence thermome-
try (Spencer & Sanderson, 2012; Spencer, 2012; Sander-
son et al., 2014) low-temperature thermochronology (Brown
etal., 2017; Herman & King, 2018), surface exposure dating
and hard rock erosion rates (Sohbati et al., 2018; Gliganic
et al., 2019), sediment tracing and provenance (Sawakuchi
et al., 2018; Gray et al., 2018), and in-situ field measure-
ments of natural luminescence characteristics (Sanderson &
Murphy, 2010).

Broader Impacts

Luminescence shows excellent promise as a multi-
purpose research tool, but further research and support is
needed to maintain this momentum into the coming decade.
The NWLDW community identifies the following areas as
critical and cutting-edge research fronts:

e Advancement of novel applications of luminescence
dating such as Martian deposits;

* An exploration of luminescence dating to new natural
materials such as plant phytoliths and evaporites;

* Application of luminescence dating to new problems in
geomorphology, climate change, and neotectonics;

* Investigations of the physical mechanisms for lumines-
cence, including tunneling behavior of electrons, effects
of impurities in crystal structures, and the effects of
light attenuation through solid matter;

¢ Benchmarking of new luminescence thermochronology
against established thermochronometric methods and
improving applications to soils and crystalline bedrock;

* Development of theoretical models and collection of
field data concerning the application of luminescence
as a sediment tracer;

* Application of luminescence properties within soil pro-
files and at the soil-bedrock interface among other crit-
ical zone science matters;

« Utilizing thermoluminescence techniques to understand
paleo-wildfires;

* Experimentation of luminescence and luminescence
characteristics with doped synthetic quartz.

These topics are of importance to the community in terms
of continuing progress and maintaining the momentum of the
scientific progress displayed by luminescence science.
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Luminescence beyond dating: Broader re-

search goals

The above research fronts have been identified as high-
priority by the NWLDW community for their relevance to
broader research goals and for improving and expanding the
capabilities of luminescence dating. First, the advancement
of novel applications of luminescence dating is a logical ex-
pansion that builds on the previous successes of the method.
One of the key benefits of luminescence is its broad appli-
cability. For example, luminescence dating of Martian sedi-
ments (Kalchgruber, 2007), could help answer a broad array
of unanswered questions relating to planetary formation and
planetary climate change. On a similar note, plant phytoliths
could potentially directly date preserved plant matter beyond
radiocarbon dating (Rader & Spencer, 2018), and lumines-
cence dating of evaporites could allow direct dating of playa
sediments and associated landforms (Fitzgerald et al., 2017),
which can act as key climate indicators. Recent dating work
on historic attic dust contaminated with heavy metals (Al-
ghamdi & Presley, 2016) is demonstrating the utility of lu-
minescence chronology to very young sedimentary deposits
of mm-thickness and is opening up potential application to
areas such as environmental hazards, standing buildings, and
forensic science (Spencer et al., 2017). Luminescence dating
is also well suited to solve problems in climate change and
tectonics, two fields of study that encompass a substantial
research community. Finally, luminescence dating has been
and continues to be a versatile and robust tool for archeolog-
ical research over the past 20+ years (Feathers, 1997, 2003).

Beyond dating, luminescence is proving to be a useful
research tool to directly quantify processes that shape the
Earth’s surface. Luminescence thermochronometry (Herman
et al., 2010; Brown, 2017) allows us to constrain the thermal
histories of quartz and feldspar crystals (Spencer, 2012). Lu-
minescence thermochronometry is particularly useful in that
luminescence measures a lower temperature range than other
thermochronometers (Guralnik et al., 2013; Brown et al.,
2017). This has opened the door for exploring new fron-
tiers such as quantifying landscape exhumation rates (Her-
man & King, 2018), examining the heating of soil by wildfire
(Rengers et al., 2017), and evaluating prospects for geother-
mal energy (Sanderson et al., 2014). However, lumines-
cence thermochronometry is still a new technique and fur-
ther cutting-edge research is needed benchmarking the tech-
nique against other thermochronometric methods. Likewise,
luminescence sediment tracing and fingerprinting (Reimann
et al., 2017; Portenga et al., 2017; Sawakuchi et al., 2018;
Gray et al., 2018; Furbish et al., 2018) is developing as a new
method that can quantify the provenance and rates of travel
of sand grains in geomorphic environments such as rivers,
hillslopes, and mixing soils. Together, luminescence ther-
mochronology and luminescence sediment tracing can reveal
information spanning from deep sources in the Earth to final
sedimentary sinks on the surface. However, like lumines-
cence thermochronology, luminescence sediment tracing is
new and further studies exploring how specific geomorphic
processes affect the luminescence of sand grains are needed.

Luminescence phenomena may also be utilized to bet-
ter constrain events and quantify processes taking place in
the soil profile or critical zone. One such example is wild-
fires, which are becoming more prevalent and covering ever-
expanding areas. Cultural sites and materials in these fire-
prone areas are at risk of losing their luminescence history if
overrun by wildfire (Ideker et al., 2017). Big questions re-
main regarding wildfire temperature at the soil surface and at
depth (Rengers et al., 2017). In general, luminescence is cur-
rently underutilized in soil science, and basic research in this
unique application is needed to aid the quantification of soil
mixing and soil production (Heimsath et al., 2002; Stock-
mann et al., 2013). These new applications of luminescence
show promise but require a solid theoretical grounding. As
such, further research on fundamental luminescence physics,
such as tunneling of electrons, effects of impurities in crystal
structures, and the effects of light attenuation in solid matter
is needed.

Overall, the NWLDW community feels that there is sig-
nificant and exciting potential within luminescence science.
The topics above serve as key focal points for future research
and the community desires to see progress on these fronts.

Laboratory Inter-comparison, Calibration, and
Reporting Standards

The NWLDW community considers the development and
execution of a laboratory inter-comparison study to be a key
goal. This inter-comparison will help improve the reliability,
accuracy, and precision of luminescence dating across the
NWLDW community by allowing us to identify sources of
dispersion in age estimates that do not appear during analysis
by individual laboratories.

Recently, Murray et al. (2015) performed one of the first
laboratory intercomparison studies. They noted larger than
expected dispersions in ages estimated between laborato-
ries (18% relative standard deviation) than the dispersion ex-
pected based on a “well behaved” sample (5-10% relative
standard deviation). This additional dispersion arises from
the dispersion found for equivalent dose and dose rate from
individual laboratories. However, the exact causes of the
dispersions in equivalent dose and dose rate determinations
(particularly measurements of radiogenic isotope concentra-
tions and water content) remain a rich topic for research.

A North American community wide inter-comparison
would provide a robust method to compare individual labora-
tory results against community averages, which would iden-
tify sources of dispersions and help reduce the statistical dis-
persion in luminescence results between laboratories to that
expected from intrinsic sample characteristics. We propose
to do this through standardization of method reporting, estab-
lishment of community best-practices, and inter-laboratory
comparison. Participation in this project would provide fund-
ing to obtain lab standardization and community-wide en-
dorsement of luminescence laboratory products. A commu-
nity wide effort combined with transparent and open access
to data used to generate results from a wide set of users as
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explained below are the key components of building trust be-
tween scientists, practitioners and end-users of the technique.

Luminescence database

The rapid expansion of luminescence dating has led to an
exponential increase in the number of ages and associated
data. An unfortunate consequence of this rapid expansion is
the risk of data loss or unavailability due to various factors in-
cluding non-publication of data or publication behind journal
paywalls. One solution is to create an open access lumines-
cence database containing luminescence ages and dose rate
chemistry data used to calculate these ages. Discussion by
the NWLDW community is in favor of a database. However,
it appears that questions remain as to whether the commu-
nity prefers to develop a new database or to utilize existing
web-based infrastructure, such as the new OCTOPUS: Open
Cosmogenic Isotope and Luminescence Database (Codilean
et al., 2018) or the Utah Geochronology Database (hosted by
the Utah Geological Survey, UGS) as a repository for lumi-
nescence data. Currently, the OCTOPUS database is under
peer review. The USGS has expressed interest in working
with our community to make luminescence data available
outside the state of Utah. The community is currently moni-
toring the development of these databases to see which may
provide the service the community desires.

Trapped Charge Dating Association

The NWLDW community is in favor of a trapped charge
professional association, proposed by the international lumi-
nescence community at the Luminescence and Electron Spin
Resonance Dating (LED) meeting in South Africa (Septem-
ber 2017). Our community sees the development of the asso-
ciation as a welcome venue to: increase professional recogni-
tion and visibility of luminescence science, to develop cred-
ibility with large funding bodies such as NSF and NERC,
to generate funds that support student research, and to in-
crease interaction and collaboration with the broader inter-
national luminescence community. These topics should be
incorporated into the mission of such an association. The
NWLDW community is in general agreement with conclu-
sions from previous discussions at the international level
and with the minutes from the German LED meeting (Oc-
tober, 2017). Our only significant disagreement is that the
NWLDW participants are largely in favor of Ancient TL
serving as the primary journal for the association. Detailed
minutes from the meeting discussions can be downloaded
from http://ancienttl.org/TCDA/TCDA.htm.

Conclusions and Recommendations for the Fu-
ture

We strongly encourage other North and South American
luminescence laboratories to attend the NWLDW meetings
when possible. Participation at these meetings allows for in-
put on community white papers such as this one, which in
turn help inform funding agencies on community priorities.
Additionally, the NWLDW community strongly encourages
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student attendance and presentation at our meetings to foster
educational growth for future luminescence specialists. As
luminescence science is on the verge of a rapid expansion,
funding support needs to be directed towards research ar-
eas which the community deems impactful. In addition, the
creation of scientific infrastructure such as a luminescence
database and calibration standards, is needed to streamline
research efforts and to ensure maximum impact per research
dollar. Finally, continued professional development of the
community, through meetings and the creation of a trapped
charge association, promotes collaborative and scientific out-
comes.

References

Alghamdi, A.G., Spencer J.Q.G. and Presley, D. Dating of Attic
Dust at an Abandoned Mine in Central USA. In 11th New World
Luminescence Dating Workshop, Lincoln, NE, USA., 2016. Uni-
versity of Nebraska.

Brown, N. D. Using luminescence signals from bedrock feldspars
for low-temperature thermochronology (Doctoral dissertation).
UCLA, 2017.

Brown, N. D., Rhodes, E. J., and Harrison, T. M. Using thermo-
luminescence signals from feldspars for low-temperature ther-
mochronology. Quaternary Geochronology, 42: 31-41, 2017.

Codilean, A. T., Munack, H., Cohen, T. J., Saktura, W. M., Gray,
A., and Mudd, S. M. Octopus: An Open Cosmogenic Isotope and
Luminescence Database. Earth Syst. Sci. Data Discuss, 2018.
URL https://doi.org/10.5194/essd-2018-32.

Feathers, J. K. The application of luminescence dating in American
archaeology. Journal of Archaeological Method and Theory, 4
(1): 1-66, 1997.

Feathers, J. K. Use of luminescence dating in archaeology. Mea-
surement Science and Technology, 14(9): 1493, 2003.

Fitzgerald, V. T., Spencer, J. Q. G., and Oviatt, C. G. Development
of gypsum dating methods: refining the timing of late regression
of Lake Bonneville. In 15th International Conference on Lumi-
nescence and Electron Spin Resonance Dating, Capetown, South
Africa, 2017.

Furbish, D. J., Roering, J. J., KeenZebert, A., Almond, P., Doane,
T. H., and Schumer, R. Soil particle transport and mixing near a
hillslope crest: 2. Cosmogenic nuclide and optically stimulated
luminescence tracers. Journal of Geophysical Research: Earth
Surface, 123(5): 1078-1093, 2018.

Gliganic, L. A., Meyer, M. C., Sohbati, R., Jain, M., and Barrett, S.
OSL surface exposure dating of a lithic quarry in Tibet: Labora-
tory validation and application. Quaternary Geochronology, 49:
199-204, 2019.

Gray, H. J., Tucker, G. E., and Mahan, S. A. Application of a lumi-
nescencebased sediment transport model. Geophysical Research
Letters, 45: 6071-6080, 2018.

Guralnik, B., Jain, M., Herman, F., Paris, R. B., Harrison, T. M.,
Murray, A. S., Valla, P. G., and Rhodes, E. J. Effective clo-
sure temperature in leaky and/or saturating thermochronome-
ters. Earth and Planetary Science Letters, 384: 209-218, 2013.


http://ancienttl.org/TCDA/TCDA.htm
https://doi.org/10.5194/essd-2018-32

Gray et al., Ancient TL, Vol. 36, No. 2, 2018

Heimsath, A. M., Chappell, J., Spooner, N. A., and Questiaux, D. G.
Creeping Soil. Geology, 30: 111-114, 2002.

Herman, F. and King, G. E. Luminescence Thermochronometry:
Investigating the Link between Mountain Erosion, Tectonics and
Climate. Elements: An International Magazine of Mineralogy,
Geochemistry, and Petrology, 14(1): 33-38, 2018.

Herman, F., Rhodes, E. J., Braun, J., and Heiniger, L. Uni-
form erosion rates and relief amplitude during glacial cycles
in the Southern Alps of New Zealand, as revealed from OSL-
thermochronology. Earth and Planetary Science Letters, 297:
183-189, 2010.

Huntington, K. W. and Klepeis, K. A. Challenges and opportuni-
ties for research in tectonics: Understanding deformation and
the processes that link Earth systems, from geologic time to hu-
man time. A community vision document submitted to the US
National Science Foundation. University of Washington, 2017.
URL https://doi.org/10.6069/H52R3PQ5.

Ideker, C. J., Finley, J. B., Rittenour, T. M., and Nelson, M. S.
Single-grain optically stimulated luminescence dating of quartz
temper from prehistoric Intermountain Ware ceramics, north-
western Wyoming, USA. Quaternary Geochronology, 42: 42-55,
2017.

Kalchgruber, R., Blair M.W. McKeever S. W. S. Benton E.R.
Reust D.K. Progress towards robotic in-situ dating of martian
sediments using optically stimulated luminescence. Planetary
and Space Science, 55: 2203-2217, 2007.

Murray, A., Buylaert, J. P., and Thiel, C. A luminescence dating
intercomparison based on a Danish beach-ridge sand. Radiation
Measurements, 81: 32-38, 2015.

Nelson, M. S., Gray, H. J., Johnson, J. A., Rittenour, T. M., Feath-
ers, J. K., and Mahan, S. A. User guide for luminescence sam-
pling in archaeological and geological contexts. Advances in
Archaeological Practice, 3(2): 166-177, 2015.

Portenga, E. W., Bishop, P., Rood, D. H., and Bierman, P. R. Com-
bining bulk sediment OSL and meteoric 10Be fingerprinting tech-
niques to identify gully initiation sites and erosion depths. Jour-
nal of Geophysical Research: Earth Surface, 122(2): 513-527,
2017.

Rader, M. and Spencer, J. Q. G. Plant Phytoliths as OSL Chronome-
ters. In 12th New World Luminescence Dating Workshop,
Greenville, NC, USA, 2018.

Reimann, Tony, Roméan-Sdnchez, Andrea, Vanwalleghem, Tom,
and Wallinga, Jakob. Getting a grip on soil reworking—Single-
grain feldspar luminescence as a novel tool to quantify soil re-
working rates. Quaternary Geochronology, 42: 1-14, 2017.

Rengers, F. K., Pagonis, V., and Mahan, S. A. Can thermolumines-
cence be used to determine soil heating from a wildfire? Radia-
tion Measurements, 107: 119-127, 2017.

Rhodes, E. J. Optically stimulated luminescence dating of sedi-
ments over the past 200,000 years. Annual Review of Earth and
Planetary Sciences, 39: 461488, 2011.

Rittenour, T. M. Dates and Rates of Earth-Surface Processes Re-
vealed using Luminescence Dating. Elements: An International

11

Magazine of Mineralogy, Geochemistry, and Petrology, 14(1):
21-26, 2018.

Roberts, R. G. and Jacobs, Z. Timelines for Human Evolution and
Dispersals. Elements: An International Magazine of Mineral-
ogy, Geochemistry, and Petrology, 14(1): 27-32, 2018.

Sanderson, D. C. W. and Murphy, S. Using simple portable OSL
measurements and laboratory characterization to help under-
stand complex and heterogeneous sediment sequences for lumi-
nescence dating. Quaternary Geochronology, 5: 299-305, 2010.

Sanderson, D. C. W., Kinnaird, T. C., Turner, C., Stephens, W. E.,
Kukkonen, I. T., and Spencer, J. Q. G. TL methods for geother-
mal resource evaluation: appraising onset temperature methods
for recovering thermal histories. 14th International Conference
on Luminescence and Electron Spin Resonance Dating. In July
2014, pp. 7-11, Canada, 2014. Montral.

Sawakuchi, A. O., Jain, M., Mineli, T. D., Nogueira, L., Bertas-
soli, D. J., Hggi C., and Zabel, M. Luminescence of quartz and
feldspar fingerprints provenance and correlates with the source
area denudation in the Amazon River basin. Earth and Planetary
Science Letters, 492: 152-162, 2018.

Smedley, R. K. Telling the time with dust, sand and rocks. Ele-
ments: An International Magazine of Mineralogy, Geochemistry,
and Petrology, 14(1): 9-14, 2018.

Sohbati, R., Liu, J., Jain, M., Murray, A., Egholm, D., Paris, R.,
and Guralnik, B. Centennial-to millennial-scale hard rock ero-
sion rates deduced from luminescence-depth profiles. Earth and
Planetary Science Letters, 493: 218-230, 2018.

Spencer, J. Q. G. What can feldspar TL tell us about thermal his-

tory? In Eighth New World Luminescence Dating Workshop,
UCLA, 2012.

Spencer, J. Q. G. and Sanderson, D. C. W. Decline in firing tech-
nology or poorer fuel resources? High-temperature thermolu-
minescence (HTTL) archaeothermometry of Neolithic ceramics

from Orkney, Scotland. Journal of Archaeological Science, 39:
3542-3552,2012.

Spencer, J. Q. G., Alghamdi, A. G., Presley, D., Huot, S., Martin, L.,
and Mercier, N. Attic dust from historic buildings: progress dat-
ing young mm-thick layers. In 15th International Conference on
Luminescence and Electron Spin Resonance Datingr, Capetown,

South Africa, 2017.

Stockmann, U., Minasny, B., Pietsch, T. J., and McBratney, A. B.
Quantifying processes of pedogenesis using optically stimulated
luminescence. European Journal of Soil Science, 64: 145-160,
2013.

Editor’s Note:

This manuscript is not a research article. It is a white pa-
per based on consense of the New World community. Instead
of a peer review, the white paper has been revised based on
suggestions by the Editor.


https://doi.org/10.6069/H52R3PQ5

Thesis Abstracts, Ancient TL, Vol. 36, No. 2, 2018

Thesis Abstracts

Index

John Christodoulakis p. 12
Nina Dorschner p- 13
Johannes Friedrich p- 13
Harrison J. Gray p.- 14
Brice Lebrun p.- 15
Junjie Zhang p. 15

John Christodoulakis
Paleoenvironmental reconstruction of southwestern
Peloponnesus using luminescence dating techniques

June 2018
Section of Environmental Physics and Meteorology, Faculty of
Physics, National and Kapodistrian University of Athens
in collaboration with
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Nanotechnology, National Centre for Scientific Research
“Demokritos”, Athens, Greece

Degree: Ph.D.
Supervisors: Costas Varotsos, Yannis Bassiakos, Despoina
Deligiorgi

In this thesis are presented the findings of the paleoen-
vironmental research performed in the wider region of the
southwestern Peloponnesus, Greece, and more precisely at
the coastal areas of Mani peninsula, Ormos Dyrou and the
greater area of Areopoli. This region was chosen as it com-
bines two distinct features. Firstly, the terrestrial and coastal
sedimentary deposits formed there comprise a unique natu-
ral “archive” which offers the opportunity for detailed inves-
tigations on regional paleoenvironmental changes, extended
back to hundreds of thousands of years. Secondly, because
of its great paleoanthropological importance as it is evident
by the relevant findings of many researches.

A significant part of this study was aimed in defining the
chronological framework of the paleoenvironmental changes
“recorded” in sedimentary deposits. For this reason, Opti-
cally Stimulated Luminescence (OSL) dating technique was
used. In total, 24 sedimentary samples were collected from
4 different areas, within the studied region. These sam-
ples were originated from fluvial, colluvial and coastal de-
positional environments. The estimated ages cover specific
parts of the total period from 200 ka to 0.35 ka. During this
research, OSL dating technique was, for first time at the
specific region, evaluated against radiocarbon dating. The
obtained results indicated that OSL age estimations agree
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within a range of about 13% with radiocarbon age esti-
mations, a finding which confirmed that OSL dating tech-
nique can be used for further research. It was also revealed
that stratigraphic layers which have experienced geological
processes, such as calcification, exhibit overestimated OSL
ages.

In the context of this research, paleotemperature and pale-
oprecipitation estimations were made by applying appropri-
ate empirical functions, available in literature. These func-
tions make use of geochemical composition and some other
physico-chemical characteristics of paleosols. According to
the obtained results, at 35 ka the mean temperature and an-
nual precipitation at the studied region were about 12 4+ 4°C
and 256 + 181 mmy™!, respectively. Another finding is that
during the period 2.5 to 0.35 ka the mean temperature was
constant at about 15 + 4°C while the annual precipitation
was also constant at about 1200 4 181 mmy™'.

Another part of the research was dedicated to the Ionian
Sea sea-level reconstruction for the period of the last 250 ka
and its association with other paleoenvironmental findings.
For the reconstruction were used benthic foraminifera iso-
topic records available in literature. The obtained sea-level
estimation at 190 to 200 ka denotes that sea-level was about
the same position as today. This conclusion agrees with the
age of modern marine terrace, 184 + 17 ka, which was dated
during the research. Another interesting finding is that sea-
level at about 125 ka was around the same position to 1 m
higher than today. This finding also agrees with other pa-
leoenvironmental findings, like the ages of fluvial samples
collected from the area.

During this study, two Java software tools, DRc (Dose
Rate calculator) and AMc (Age Models calculator), were
also developed. Both tools are freely available on the web.
DRec facilitates the calculation of dose rates and age deter-
minations of materials, for use in palaeodosimetric dating
methods. The software runs in a user-friendly interface and
provides a number of user controllable features. Dose rates
are calculated using updated conversion and attenuation
factors. AMc brings together the majority of the available
age models (Common, Central, Minimum, Maximum Age
Models, Finite Mixture Model and others) and it has also
the ability to implement the age model decision procedure
developed by R.M. Bailey and L.J. Arnold.

Those who are interested in this thesis (available
only in Greek language) can ask Dr J. Christodoulakis
ichristodoulakis@inn.demokritos.gr for a copy.
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Max Planck Institute for Evolutionary Anthropology, Leipzig,
Germany
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Degree: Ph.D.
Supervisors:K.E. Fitzsimmons and J.-J. Hublin

The western Mediterranean is a key region to under-
stand human dispersal events within and out of the African
continent as well as for the eventual replacement of Nean-
derthals by anatomically modern humans during the Pleis-
tocene. Palaeolithic cave sites safely store records of ho-
minin presence and lifestyle at a certain time in a certain
region and can, furthermore, yield useful information about
past environmental conditions. Central to any conclusive
interpretation of archaeological and palaeoclimatic datasets
is the establishment of a reliable chronostratigraphic frame-
work for the investigated site.

Optically stimulated luminescence (OSL) dating provides
an estimate of the time elapsed since quartz or feldspar min-
erals were last exposed to sunlight. The technique, there-
fore, enables determination of the burial age of sediments
at geoscientific and archaeological sites. Single-grain OSL
dating is of particular importance in the latter context, as
stratigraphical layers at those sites are regularly affected by
e.g. post-depositional mixing due to natural or anthropogenic
processes, which can result in significant over- or underesti-
mation of the true burial age when using multiple-grain dat-
ing approaches.

In this thesis, single-grain OSL dating was used to inves-
tigate the general luminescence characteristics of the sedi-
mentary deposits at three Palaeolithic cave sites in the west-
ern Mediterranean - the Thomas Quarries and Rhafas, both
Morocco, and Vanguard Cave, Gibraltar - and to identify po-
tential factors that might falsely alter their determined burial
ages to eventually provide reliable chronologies for those
sites. Dating results were coupled with archaeological, sed-
imentological and geological proxy data to allow conclusive
statements regarding the timing of human occupation phases
and the appearance of technological innovations at the sites,
local site formation processes and palacoenvironmental con-
ditions in the region in the past.

Individual grains from all three sites generally exhibit
bright and fast component dominated luminescence signals.
Challenges for OSL dating of the samples primarily arise
from i) single grains affected by signal saturation, ii) indi-
vidual grains unable to recover known laboratory doses with
sufficient accuracy, iii) heterogeneous dose rates or changes
in dose rates over time, and iv) post-depositional mixing of
sediment layers.

OSL chronologies were developed for stratigraphical
sequences at Rhafas and Vanguard Cave, while single-grain
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dating turned out to be an inadequate technique for age
determination of the Thomas Quarries sediments. Rhafas
covers a time period from >135ka to the Neolithic,
including a technological shift from classical MSA to
Aterian after 123 ka, LSA industries dated to ~21 ka and
~15 ka and evidence of climatic conditions that favoured
intensive carbonate formation during MIS 3 and MIS 2 at
the site. Vanguard Cave preserves a record of rapid aeolian
sedimentation between MIS 5 and ~43 ka with evidence
for repeated occupation by Neanderthals. The sedimentary
record of the site suggests that relatively stable mild and
sub-humid Mediterranean climatic conditions persisted in
the area throughout its entire depositional history.

The thesis is available for download from https://
openaccess.leidenuniv.nl/handle/1887/62212

Johannes Friedrich
Modelling quartz luminescence signal dynamics relevant
for dating and dosimetry

June 2018
Chair of Geomorphology, University of Bayreuth, Germany

Degree: Dr. rer. nat.
Supervisor: Dr. Christoph Schmidt

Thermoluminescence (TL) and optically stimulated lumi-
nescence (OSL) are well-established methods in geoscience,
e.g., used to date archaeological sites or quaternary sedi-
ments. Quartz is well suited for that purpose because it is the
second most abundant mineral in Earth’s continental crust.
Numerical simulations, especially coupled differential equa-
tions, can help to understand the complex system of charge
carrier transport in the quartz crystal because the solutions of
these differential equations describe the charge carrier move-
ment by time. In 2001 a comprehensive quartz model was
published which was able to describe many known effects
and phenomena concerning quartz luminescence in the UV
spectrum (ultra-violet). This publication is the foundation
of many more published models in recent years. Never-
theless, the luminescence emitted while irradiating quartz
with ionising radiation, known as radiofluorescence (RF),
was not well implemented in the model, because even basic
observations are not reproducible. Radiofluorescence offers
some key advantages, e.g., direct and real-time observation
of temperature-driven effects on luminescence production.

This thesis presents fundamental experimental UV-RF in-
vestigations and the qualitatively successful simulation of
RF and other luminescence signals and phenomena. Pub-
lished quartz models and parameters had been gathered in an
open-source software package called RLumModel. The soft-
ware has been designed for simplicity to allow use without
deep knowledge of programming or physical understanding
of the model. Fundamental behaviour of UV-RF signals was
tested by annealing to different temperatures before UV-RF
measurement. The maximum signal intensity was measured
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after annealing to ~550°C. Numerical simulations are able
to reproduce this characteristic after some modifications of
charge carrier concentrations in the model parameters. Fur-
ther investigations on the dose rate dependence of the UV-
RF signal fulfill theoretical findings that the signal intensity
is linearly-dependent on the dose rate and the slope of the
initial UV-RF signal is linearly-dependent on the squared
dose rate. Again, after some parameter modifications the
numerical simulations are able to mimic this behaviour. It
was remarkable that in all numerical investigations a sim-
ple three-energy-level model was able to simulate the main
characteristics of the observed effects. Due to this, analytical
solutions for the UV-RF signal dynamic were derived. The
finding from these analytical solutions is a fitting function
for UV-RF signals which is a composite of two exponential
functions: an increasing and a decreasing exponential. This
behaviour is not restricted to the UV band and can also be
transferred to other emission bands.

Investigating quenching mechanisms in quartz yield the
power of RF for further applications because RF offers the
possibility to measure, e.g., thermal-quenching more di-
rectly. With these measurements it is possible to directly
calculate thermal quenching parameters which can be im-
plemented in the numerical model. Another phenomenon,
called dose-quenching, can also be measured more directly.
Comparisons with other methods measuring quenching ef-
fects show the possibilities of RF as analysis tool in quartz
luminescence. Both quenching effects were also simulated
and are again in accordance with experimental results. In
addition to that, long-known effects such as the UV-reversal
were also analysed more directly via UV-RF and confirm the
idea of reversibility of annealing and UV illumination. An-
other application is the determination of absorbed doses with
UV-RF, which was first found by numerical simulations. Fur-
ther experimental data confirm that the new developed mea-
surement protocol is able to recover doses up to ~300 Gy
with an accuracy of 4+ 10% with UV-RF. Possible applica-
tions of this method range from source calibration to dating
of annealed material, e.g., ceramics.

Generating predictions from simulations (forward mod-
elling) needs appropriate parameters. To get these parame-
ters, sensitivity analysis of the used parameter sets was ap-
plied to extract parameters influencing the outcome of the
simulations most. Subsequently these parameters were ad-
justed by fitting them to luminescence signals (inverse mod-
elling). This method was used to fit the model with TL and
OSL signals. Sensitivity analysis and inverse modelling are
also included in the software package RLumModel. This
will help saving measurement time because users can first
simulate their sequences. To develop further methods to cal-
culate RF signals from models, the first ideas and results
from Monte-Carlo simulations for quartz RF are presented
and compared to established numerical methods. This the-
sis shows that the interaction of experiments and simulations
offers a comprehensive understanding of luminescence. Fur-
thermore, it has been shown that radiofluorescence of quartz
has a wide range of applications and provides important in-
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sights into charge carrier distributions in quartz crystals. Dif-
ferent radiofluorescence phenomena can be explained with
the energy-band-model and can be implemented seamlessly
in existing models by adjusting model parameters.

Harrison J. Gray
Traveling at the speed of light: luminescence as a means
to quantify sediment transport rates

July, 2018
University of Colorado - Boulder

Degree: Ph.D.
Supervisor: Professor Gregory E. Tucker

Sediment tracing over long timescales (10,000 - 100,000’s
of years) is difficult because of a lack of applicable meth-
ods. This is a problem because quantifying the movement of
sediment over long timescales is needed to answer questions
about landscape evolution and sediment transport. Lumines-
cence, a property of minerals such as quartz and feldspar,
has potential as a sediment tracing tool. Luminescence is
a dynamic property that decreases while in sunlight and in-
creases while buried in sedimentary deposits. As grains of
quartz and feldspar sand are transported across landscapes,
they experience varying intervals of sunlight exposure and
burial. This can be exploited to uncover new information on
sediment transport.

This dissertation explores and develops the use of lumi-
nescence as a sediment tracer in geomorphic environments.
First, I describe a new theoretical model for luminescence
as a sediment tracer in fluvial environments. This model
is derived from a combined conservation of sediment mass
and absorbed radiative energy as luminescence. I show that
predictions from the model match previously published data
and I show that by fitting the model to field data, the model
can be used to estimate parameters relevant to sediment
transport. Next, I describe a field-based study applying
the theoretical model to new field data obtained from the
mid-Atlantic region of the United States. I show that in rivers
where the model assumptions are applicable, the model can
reproduce sediment transport information obtained from
non-luminescence methods. Changes in lithology, hillslope
sediment flux, or anthropogenic modification, requires a
greater collection of field data and can preclude the use of
the simplified form of the model. To expand luminescence
up to the landscape scale, I introduce a theoretical model of
luminescence in hillslope soils and compare the model with
previously published data to quantify new soil mixing rates.
Both the river and hillslope applications of luminescence
show significant potential for uncovering new information
on sediment transport.

A PDF of this thesis can be requested from the author at:
harrison.gray@colorado.edu


harrison.gray@colorado.edu

Thesis Abstracts, Ancient TL, Vol. 36, No. 2, 2018

Brice Lebrun
Defining the chronology of prehistoric sequences in the
Falémé valley (Sénégal); contribution of new
micro-dosimetry techniques to luminescence dating

January 2018
IRAMAT-CRP2A, Bordeaux Montaigne University, France

Degree: Ph.D.
Supervisors: Norbert Mercier, Chantal Tribolo

Our work is part of a West African Prehistory documen-
tation dynamic. Compared to other regions of this continent,
research in this area is still scarce. Our aim was to establish
a chrono-cultural framework of the Falémé Valley archaeo-
logical sites located in Eastern Senegal by applying the OSL
dating method. For this purpose, 86 samples were taken and
dated from around 20 sites throughout the valley.

Thanks to relatively continuous sedimentary records, a
chronology of different lithic techno-complexes has been es-
tablished. Acheulean industries date back to at least 90 ka
while the bifacial-shaped pieces that typically characterize
the Middle Stone Age can be dated to MIS3. Meanwhile,
Late Stone Age industries (microlithic and geometric mi-
crolithic) are dated circa 15 to 10 ka.

The need to document the chronology of prehistoric cul-
tures has led us to carry out some methodological develop-
ments. To properly assess the micro-dosimetry of our sam-
ples, we used several techniques such as an imaging system
(B autoradiography) and a numerical simulation (DosiVox-
2D). These methodological developments have inter alia
shown that classical models tend to bias the dose rate and
thus the dates.

On the basis of our work, the Falémé Valley is therefore
presented as the new sequence of reference for West African
Prehistory, alongside the work that has been done in the Oun-
jougou complex in Mali.

Junjie Zhang
Applications of optically stimulated luminescence dating
in the Chinese Loess Plateau

November 2018
Department of Earth Sciences, The University of Hong Kong,
Hong Kong, China

Degree: Ph.D.
Supervisor: Dr. Sheng-Hua Li

Dose recovery studies with K-feldspar samples show
that the electron trapping probability change of low-
temperature IRSL signals caused by the first preheat treat-
ment could result in age underestimation, with the single-
aliquot regenerative-dose (SAR) dating protocol. However,
the multi-elevated-temperature post-IR IRSL. (MET-pIRIR)
signal at 250°C does not have this problem. With the
multiple-aliquot regenerative-dose (MAR) protocol or the
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modified SAR protocol with solar bleaching behind each cy-
cle, this kind of age underestimation could also be avoided.

Standard growth curves (SGCs) for K-feldspar, plagio-
clase and polymineral fractions of northern China have been
constructed, to improve the dating efficiency. For coarse
grains (63-180 um), the SGCs are quite similar between K-
feldspar, plagioclase and polymineral fractions. But the fine-
grain fraction (4-11 pum) has a distinct SGC, which is sup-
posed to be a result of alpha irradiation. With the SGCs, the
time used to measure the equivalent dose is only one third of
the time needed before.

The loess-paleosol sequence in the Chines Loess Plateau
(CLP) is an important paleoclimate archive. However, the
assumption of continuous loess deposition has been ques-
tioned in recent years. Several studies proposed that loess
was of high mobility, with frequent wind erosion and dust re-
cycling. Huge age hiatuses of ~60 ka were also identified in
the north margin of CLP. In this study, high-resolution OSL
dating is performed from S1 layer to L4 layer in Luochuan
section, central CLP. With the up-to-date dating protocol, the
loess has been successfully dated back to ~350 ka. An age
hiatus of ~10 ka is discovered at the top of L2 layer. But,
it is proved to be a fake age one resulted from the wrongly
estimated dose rates, due to the carbonate leaching and accu-
mulation process. The continuity of loess deposition in Lu-
ochuan section has been confirmed for the last three glacial-
interglacial cycles. And it further indicates that loess depo-
sition should be continuous over the whole Quaternary pe-
riod in the central CLP. Previous paleoclimate reconstruc-
tions based on astronomically tuned ages are of high reliabil-
ity.

Quartz OSL sensitivity variation has been studied in Lu-
ochuan and Jingyuan sections. The OSL sensitivity in Lu-
ochuan section is overall higher than that in Jingyuan sec-
tion. Particularly, the sensitivity in paleosol layers could be
20 times higher than that of loess layers in Luochuan section,
which cannot be explained by different provenances or depo-
sition/transportation cycles, but can be reasonably explained
by wildfire heating. Quartz OSL sensitivity can be applied as
a new proxy for paleo-wildfires.
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Conference Announcements: LAIS 2019

Luminescence in Archaeology
International Symposium

Institute of Earth and Environmental Sciences
University of Freiburg, Germany
April 3rd to 6th, 2019

The 4th Luminescence in Archaeology International Symposium will be hosted by the
Sedimentary Geology and Quaternary Research Group at the University of Freiburg
(Germany). LAIS 2018 continues the series of symposia initiated in Delphi 2009, Lisbon 2012
and Paris 2015. It is an international initiative focusing on the use of luminescence for the
dating and analysis of materials in archaeological and geoarchaeological context. In
addition, it supports archaeological and archaeometrical communities to further develop
and expose luminescence methodology.

Topics
e Advances in luminescence methodology
e Dose rate determination
e Innovative materials
e Application in all fields of archaeological sciences
e (Geo-)Archaeological case studies

Local organiser: F. Preusser
International standing committee: I. Liritzis (Chairman, Rhodes, Greece), N. Zacharias,
(Kalamata, Greece), A. Zink (Paris, France), Ana Luisa Rodrigues (Lisbon, Portugal).

Deadlines and costs

Registration: November 1st to December 31st 2018
Late registration: January 1st, 2019 to March 31st 2019
Abstract submission: until December 1st 2018

Abstract confirmation: December 15th 2018
Conference fee: EUR 240,-

Student fee: EUR 160,-

Accompanying persons: EUR 100,-

Conference email: LAIS2019@geologie.uni-freiburg.de
Web page: www.sedimentologie.uni-freiburg.de/lais2019
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Conference Announcements: 13th MAC

13th International Conference
“Methods of Absolute Chronology”, Tarnowskie Gory, Poland
5-7 June 2019

Organised by the Gliwice Absolute DAting Methods Centre, Institute of Physics — Centre for
Science and Education, Silesian University of Technology.

The multidisciplinary conference will concern the following subjects:
1. Methods of absolute chronology and their application in Quaternary geology.
2. Dating methods and creation of absolute time scales for paleoclimatic
reconstructions.
3. Isotopic methods in research of paleo- and modern environment.
4. Dating the archaeological objects.

The conference scientific programme includes plenary and poster sessions. The working
language of the conference is English. The conference will be accompanied by a workshop
for young scientists with lectures covering the basics of isotope and dosimetric dating
methods

Deadlines

Early registration and payment: 31 January 2019
Submission of abstracts: 15 March 2019
Conference: 5-7 June 2019

Website: http://www.carbon14.pl/13thMAC/

On behalf of the Local Organizing Committee
Natalia Piotrowska
(Natalia.Piotrowska@polsl.pl)
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Conference Announcements: UK LED 2019

At the UK LED Sheffield meeting last September, it was agreed that the next meeting should
be held in Roskilde, Denmark. So we would like to take this opportunity to invite you to
‘UKLED2019 in Denmark’ to be held at the Risg Campus of the Technical University of
Denmark from the 26" to 28" August 2019.

Further details will be available early in the New Year.

Regards,
Jan-Pieter Buylaert,

for the Organising Committee
(jabu@dtu.dk)
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Conference Announcements: 13th NWLDW

13th New World Luminescence Dating Workshop,
Champaign (IL)

The 13th New World Luminescence Dating Workshop (NWLDW) will be held in Champaign,
Illinois, sometime between late Spring to early Autumn. A final date will be announced at a later
time. Both poster and oral presentations are welcomed, with an emphasis on recent

development, ongoing work and student projects.

In addition, we will hold a directed discussion around a theme. We have already received
interest in holding a workshop on the R luminescence package. Other topics are welcomed.

Details will follow later.
For questions, contact Sebastien Huot (shuot@illinois.edu)

We look forward to seeing you!
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