UK Luminescence and Electron Spin Resonance Dating Meeting 2025

19th-22nd August 2025

School of Earth and Environmental Sciences

University of St Andrews

University of

St Andrews

ukled2025@st-andrews.ac.uk

DTU
%% EDINBURGH ‘) Freiberg Dosimetr MIDOSE

Yy -

INSTRUMENTS Instruments and Dating SOLUTIONS <


mailto:ukled2025@st-andrews.ac.uk

UK Luminescence and Electron Spin Resonance Dating Meeting 2025 | St Andrews

Contents
WEICOME NOLE ... ettt e e e e e ettt e e e e e e e e e eeeaennanaeeaaeas 3
CONTErENCE PrOgramMIMe ... . 5
I o) 0 (= = 8
List Of PartiCipants.......cooo oo 10
Oral Presentation Abstracts (in order of presentation) ..., 12
Poster Abstracts (alphabetical order) ............oueiiiiiiiii e 43



UK Luminescence and Electron Spin Resonance Dating Meeting 2025 | St Andrews

Welcome Note

Welcome to the University of St Andrews and the UK Luminescence and Electron Spin
Resonance Dating Meeting 2025, hosted by the School of Earth and Environmental
Sciences, through generous support from our sponsors Edinburgh Instruments, Risg,
Freiberg Instruments and Midose Solutions. We have an exciting meeting planned with
59 presentations, split across 32 talks and 27 posters, which cover the full range of
trapped charge dating research. The delegate listis international, representing nearly two
dozen countries— all willing to try their hand at the ceilidh!

We hope you enjoy the meeting and please let us know if we can assist with anything
during your stay in St Andrews.

Aayush Srivastava, Adrian Finch, Aphelion Elvidge, Tim Kinnaird — School of Earth and
Environmental Sciences

David Sanderson - SUERC

A Rich Legacy of Luminescence: Scotland’s Pioneering Contributions to Trapped
Charge Research

We have a long tradition of luminescence research in Scotland, as David summaries:
While more famous for his work on thermodynamics William Thomson (Lord Kelvin) wrote
from Glasgow in 1899 to his biographer Sylvanus P Thompson raising prescient questions
about phosphorescence and asking whether it was true that “ultra-red” radiation could
excite shorter period fluorescence? Did he anticipate IRSL by 90 years? In the early 1970’s
Hugh McKerrell set up a TL laboratory in the National Museum of Antiquities in
Edinburgh. Vagn Mejdahl worked there for a year and it was there - in Scotland - during a
visit by Lars Boetter-Jensen that the concept of the first automated TL reader for additive
dose determination was worked out. The rest is well known. Controversially McKerrell
and Mejdahl published the first TL analyses of clay tablets from the site of Glozel in
France in 1974 (Antiquity, 48, 265-272), which been widely assumed to be 20" century
fabrications. Other Scottish TL laboratories included that of the late Bob Galloway
laboratory in the Physics department of Edinburgh University (where loannis Liritzis and
Makaiko Chithambo did their doctoral work), in Paisley where Jim Tate analysed ceramics
from the Burrell collection, Frank Placido developed applications to assessing fire
damage to modern concrete structures based on TL, and TL dating was applied to
Scottish Vitrified Forts. Andrew Murray built a TL reader during a short period in Aberdeen,
which was used in Alastair Gemmell’s influential early work on luminescence process
tracing of sedimentary systems. Later Joel Spencer established a dating capability there
with a Risoe reader - which is now in St. Andrews. The SUERC laboratory was set up by
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David Sanderson in 1986 and has conducted a wide range of research and applied work
in dating, dosimetry and detection of irradiated foods

The study of minerals at St Andrews has a long history. The University Principal (1835-
1857), Sir David Brewster, developed the petrological microscope and published the first
observations of fluid inclusions in minerals, identifying them as samples of the fluids
from which the minerals had formed. The Mineralogical Society of Great Britain and
Ireland was subsequently founded (along with others) by the Professor of Chemistry,
Matthew Forster Heddle in 1876. Heddle’s interest, supported by his comprehensive
collection of minerals, was the basis of several early spectroscopic studies of minerals.
Nowadays, the University hosts the Schools of Earth & Environmental Sciences,
Chemistry and Physics & Astronomy whose combined research covers defects in solids,
spectroscopy; from defects on nm scales to exoplanets lights years away.
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Conference Programme

Tuesday 19th August 2025

from 13:00 Registration begins (Physics Foyer)

15:00-17:00 Adrian's workshop on feldspars (Physics lecture theatre C)
13:00-17:00 David's workshop on portable OSL systems (Physics lecture theatre B)
17:00-19:00 Ice breaker (Physics Foyer)

09:00 - 09:45 Registration

09:45 - 10:00 Welcome, housekeeping
10:00-11:00 Poster pitch

11:00 - 11:30 Coffee

Session 1 Chair: Jayesh Mukherjee

11:30-11:50

Abi Stone- High-Density Chronology of Dune Accumulation in the Thar
Desert Using Integrated Luminescence Approaches

11:50-12:10

Maria Schaarschmidt- The challenges of using optical dating to
investigate long-term climate-driven landscape change in Tasmania,
Australia

12:10-12:30

Guillaume Guerin- OSL dating at a ‘classical’ time scale - stratigraphic
constraints in Bayesian modelling of a Palaeolithic site (Jonzac, France).

12:30-12:50

Kira Westaway- Last chance saloon; robust ages for human
evidence in caves using only the luminescence dating toolkit.

12:50-13:00

Discussion

13:10-14:00

Lunch

Session 2

Chair: Ruby Williamson

14:00-14:20

Rachel Smedley- Crystal orientation of K-feldspars can have a major control
on light attenuation in a rock

14:20-14:40

Trine Freiesleben- Constraining Megalithic Construction Chronologies with
Rock Surface Luminescence Dating

14:40-15:00

Arindam Biswas- Linking single-grain luminescence and erosion
rates to understand erosion and sediment dynamics in tectonically
active landscapes

15:00-15:30

Coffee

Session 3 Chair: Scott Fitzgerald

14:00-14:20 Joanna Rocznik- Analysis of natural radioactivity distribution in aeolian
sediment quartz grains and its impact on dose rate in OSL dating

15:50-16:10 David Sanderson, Quartz as an Emergency Dosimeter: Preliminary
Collaborative Trial.

16:10-16:30 Geoff Duller, Single grain luminescence and pXRF measurement of
DEPOT reference quartz samples

16:30-16:50 Hamdan Alghamdi, New dosimetry methods for radiological and

nuclear emergency management
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Thursday 21st August 2025

09:30-09:40

Group photo

Session 4 Chair: Aphelion Elvidge

09:40-10:00 Derek Hamilton- Dating linear earthworks, boundaries and hillforts
combining luminescence profiling, OSL dating and Bayesian analysis.

10:00-10:20 Jakob Wallinga- Dating dikes with luminescence — experiences from the Low
Countries

10:20-10:40 Krista Gilliland- Out of sight but within reach: luminescence profiling and
consulting archaeology in western Canada

10:40-11:00 Mark Bateman- How old are the walls in our fields?

11:00-11:30 Coffee

Session 5 Chair: Anna Szreter

11:30-11:50 Adrian Finch- Defect Clustering in Fluorite Identified by Luminescence

11:50-12:10 Antoine Zink- Colocalisation of response to various stimulation
(TL/OSL)

12:10-12:30 Magdalena Biernacka- Tracing crystallisation events:
lyoluminescence and the path toward dating of evaporites

12:30-12:50 Monika Devi- Defects Responsible for Sensitization in Rock Grains:
Insights from Multiple Spectroscopic Techniques

12:50-13:10 Serban-Constantin Grecu- Investigating red cathodoluminescence
enhancement in quartz under SEM electron beam irradiation

13:10-14:00 Lunch

Session 6 Chair: Adrian Finch

14:00-14:20 Edinburgh Instruments

14:20-14:30 Wageningen Video- standfast, landfast, lightfast

14:30-14:50 Georgina King- ESR thermochronometry: where are we at?

14:50-15:10

Svenja Riedesel- Emulating Exhumation: Exploring the effect of
linear cooling on luminescence build-up in feldspars

15:10-15:30

ESR St Andrews- Advances in ESR techniques and their applications

from 15:30 Tour of ESR facilities, St Andrews

15:30-16:00 Coffee

Session 7 Chair: Joe Winzar

16:00-16:20 Barbara Mauz- Improving the estimation of high natural luminescence

doses using OTOR solutions

16:20-16:40

Ruby Williamson- Origins of the luminescence signal from a variety
of rock lithologies: implications for siting a nuclear Geological
Deposal Facility (GDF).

16:40-17:00

M. Sontag-Gonzalez- Spatially resolved luminescence to date human
prehistory in Early and Middle Pleistocene Spain.

19:00-21:00

Conference Dinner (Lower College Hall)

21:00-23:00

Conference Ceilidh (Upper College Hall)
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Friday 22nd August 2025

Session 8 Chair: Christina Antoniou

09:40-10:00 Anna Maartje de Boer- Signal-, wavelength- and depth-dependent bleaching
in tidal waters: from resetting dynamics to sediment pathway tracing

10:00-10:20 Nina Ataee- Luminescence dating of sand and gravel to unravel the coastal
gravel barrier dynamics

10:20-10:40 Tegan Quinn- Luminescence dating of submerged gravel barriers to
assess the vulnerability of coastal energy infrastructure to sea-level
rise

10:40-11:00 Carlos Arce-Chamorro- Saturation effects on the OSL signal by

using multigrain aliquots from coastal sediments in Southern
Brittany (W France) and estimation of Palaeodose with BayLum
11:00 -11:30 Coffee

Session 9 Chair: Aayush Srivastava

11:30- 11:50 Vinicius Ribau Mendes- High-Resolution Reconstruction of
Continental Precipitation from Marine Sediment Cores Using a
Novel Luminescence Scanner

11:50-12:10 Discussion of workshop activities; led by Adrian and David
12:10-12:30 Announcements, prize giving; next UK LED meeting
12:30-12:50 Lunch
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List of Posters

Name Poster Title

Maxime Bernard

Feldspar-IRSL inter-model comparison and evaluation for application in
thermochronology

Viviana Bonerath

Optimising Luminescence Dating Protocols of Erosive Marine Terrace
Sediments of Noto Peninsula, Japan

Harsh Borde

Long-term coastal dune evolution and aeolianite preservation on the
passive margin coastline of South Africa: new geophysical and
luminescence dating analyses in Walker Bay on the Cape south coast.

Filippo Brandolini

Optically Stimulated Luminescence Profiling and Dating (OSL-PD) as a
tool for reconstructing the Medieval establishment of terraces in the
northern Apennines (ltaly)

Victor Cartelle

Unravelling the Evolution of Holocene Tidal Inlets Using Luminescence
Profiling: Insights from the Western Belgian Coast

Antoine Dorison

Testing OSL-Profiling and Dating in Anthropized Volcanic Landscapes of
Western Mexico: Preliminary results

Julie Durcan

DRAC, DRAC-rock, and DRAC-map

Aphelion Elvidge

Establishing a Chronology for the Submerged Landscape of Bouldnor
Cliff

Scott K Fitzgerald

Using planchette-based measurements to increase delta-OSL
sensitivity.

Kaja Fenn

From field to laboratory: Luminescence chronologies of Late Glacial
sediments in the Cairngorm Mountains

Taylor Grandfield

Integration of spatially resolved Infrared-Radiofluorescence dating and
synchrotron based p-XRF mapping of potassium-rich feldspar grains

Vicki Hansen

Continuing investigations into the reliability of beta source calibration

Nadim Jayaraju

Application of ESR investigation to Mollusk shells dating, part of South
East Coast of India

Zuzanna Multi-method (OSL, ESR, SEM, petrography) analysis of lime mortars
Kabacinska from Benedictine Abbey in Tyniec, Poland
Yang Li A multi-year natural bleaching experiment to assess models of solar

bleaching in rock surfaces

Gergo Magyar

Evaluating Luminescence Sensitivity and ESR Parameters as Proxies for
Geomorphological Processes in Fluvial and Aeolian Environments

Jayesh
Mukherjee

Reconstructing the dynamics of a dryland river floodout zone in the
Indian Thar desert using OSL chronology

Henrik Olesen

A confocal microscope for luminescent defects in feldspars

Ana Luisa
Rodrigues

Luminescence dosimetry to unravel stratigraphic packages in uniform
sedimentary units.

Elaine Sellwood

On the quest for chronological precision: Exploring Bayesian and
Isotonic age-depth modelling with a high-density OSL data set.

Anna Szreter

Defect structures of natural cryolite (Na3ALF6)

Kristina Thomsen

Dating the cairn at Goasseac’h, France, when rock surface
luminescence dating fails
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Alida Timar-
Gabor

Reading provenance from ubiquitous quartz: understanding the changes
occurring in its lattice defects in its journey in time and space by
physical methods

Zsejke-Réka Toth

Understanding defect dynamics under irradiation in quartz by
multispectroscopic methods

Sumiko OSL chronology of basin fill sediments associated with the Aller Valley
Tsukamoto Fault System, northern Germany
Joe Winzar Temperature uniformity during heating in a Risg TL/OSL reader:

Implications for luminescence research
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List of Participants

Name Institution

Andrieux, Eric Durham University (UK)

Antoniou, Christina University of Edinburgh (UK)

Arce-Chamorro, Carlos RenDalL CNRS/Univ. Rennes (France)

Ataee, Nina University of Liverpool (UK)

Bateman, Mark Sheffield University (UK)
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Borde, Harshawardhan University of Leicester (UK)
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Devi, Monika Institute for Interdisciplinary Research in Bio-Nano-
Science, Babes-Bolyai University, Cluj Nopoca, Romania
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Fenn, Kaja University of Liverpool (UK)

Finch, Adrian University of St Andrews (UK)

Fitzgerald, Scott University of Glasgow (UK)

Freiesleben, Trine DTU Physics (Denmark)
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Grecu, Serban Constantin Institute for Interdisciplinary Research in Bio-Nano-
Science, Babes-Bolyai University, Cluj Nopoca, Romania

Guerin, Guillaume Geosciences Rennes (France)
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Kabacinska, Zuzanna Adam Mickiewicz University in Poznan (Poland)
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High-Density Chronology of Dune Accumulation in the
Thar Desert Using Integrated Luminescence Approaches

Shashank Nitundil”, Abi Stone'3, Aayush Srivastava2?, Tim Kinnaird?,
Rahul Devrani#, Angela Harris', Abhiroop Chowdhury*, Komal Songaras

'Department of Geography, The University of Manchester, M13 9PL, UK.
2School of Earth and Environmental Sciences, University of St Andrews, UK.
3School of Geography and the Environment, University of Oxford, UK.
4Jindal School of Environment and Sustainability, O.P. Jindal Global University, India.
sWater Resources Department, Government of Rajasthan, India.

*Corresponding author; Email: shashank.nitundil@manchester.ac.uk; Telephone:
+447825072221

The Thar Desert is unique in hosting a diverse range of sand dune types within a relatively small
area, yet their accumulation history—particularly in the western Thar—remains poorly understood
(Srivastava et al., 2019). This study demonstrates the application of a high-density luminescence
dating framework to reconstruct ~40 ka of dune accumulation across a 330 km N-S transect in the
arid western Thar Desert, India. By integrating nine new laboratory-determined OSL ages with 456
rapid age estimates derived from a portable luminescence reader, we present the most
comprehensive chronology of aeolian deposition in the region to date. This study builds on the
work of Nitundil et al. (2023) in this region. Of the rapid estimates, 205 are from deep auger profiles
reaching depths of up to 11 meters, and these are from a range of dune types including linear (10
profiles), parabolic (3 profiles), transverse (1 profile), and barchan (4 profiles), with the latter two
being studied for the first time using modern dating techniques in the Thar.

This methodological integration allows us to resolve spatial and temporal patterns of sediment
deposition with unprecedented detail. We identify an extensive Holocene accumulation phase
centered at 7.7 ka and underlying more recent activity in the upper sediment layers. In the barchan
dunes, this active sediment reaches depths of ~6 meters. In contrast, linear and transverse dunes
show significantly shallower active zones (<1.5 meters). The spatial variability in younger dune
dynamics reflects regional gradients in aridity, vegetation cover, and sediment availability, leading
to localized differences in reactivation intensity and frequency. Isolated older deposits dating to
~23 ka and 44 ka in a linear dune represent the oldest known aeolian sediments in the western
Thar and suggest a previously undated dune activity phase.

Our results highlight the power of coupling rapid, field-based portable luminescence screening with
conventional OSL dating to efficiently characterize dune depositional histories. The approach
greatly enhances sampling density and resolution while maintaining chronological reliability,
making it especially valuable for large-scale geomorphic reconstructions in arid environments. This
case study underscores the potential for portable luminescence measurements to complement
laboratory methods in future geochronological investigations that benefit from a detailed
accumulation assay such as localized studies of dune development and evolution to enhance our
understanding of sedimentary processes in arid environments.

Srivastava, A., Thomas, D.S.G. and Durcan, J.A., 2019. Holocene dune activity in the Thar Desert,
India. Earth Surface Processes and Landforms, 44(7), pp.1407-1418.

Nitundil, S., Stone, A., Srivastava, A. (2023) Applicability of using portable luminescence reader for
rapid-age assessments of dune accumulation in the Thar Desert, India. Quat. Geochron. 78, 101468.
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The challenges of using optical dating to investigate long-
term climate-driven landscape change in Tasmania,
Australia

M. Schaarschmidt”, O.B. Lian’, P.D. McIntosh?, A.J. Slee?, N. Ferguson’,
J. Stoeckly’, C.M. Neudorf?

Department of Geoscience, University of the Fraser Valley, British Columbia, Canada.
2Forest Practices Authority, Tasmania, Australia.
3Vicas Pty Ltd, Queensland, Australia

*Corresponding author; Email: maria.schaarschmidt@ufv.ca

To understand the impact of climate and human activity on the Tasmanian landscape, a robust
chronology for landscape evolution is required. Several cycles of erosion and sedimentation
throughout low- and mid-altitude Tasmania over the last ca 100,000 years have been identified
(e.g., Lisé-Pronovost et al. 2021). Optical dating provides one of the few viable methods to
date ancient landscape change in the state.

However, the mechanism behind those cycles of erosion and accumulation is still unclear and
optical dating of these deposits presents challenges, e.g., the age of some aeolian deposits is
close to or beyond the limits of optical dating of quartz; radiation quenching appears when
high laboratory doses are administered; and the deposits have variable bleaching histories.

Thermally-transferred OSL (TT-OSL) from quartz can be applied to samples to date deposits
that are older than ca. 150,000 years as charge is transferred from less-optically sensitive
traps to optically sensitive traps that are sampled during a second stimulation step. Even
though the TT-OSL signal saturates at much higher doses compared to optically stimulated
luminescence (OSL) signals, it bleaches much more slowly than the fast component of the
OSL signal, so residual doses can remain even in typically well-bleached aeolian samples.
TT-OSL signals are also generally dimmer than OSL signals which can result in less precision.
A study of sediment samples from northwest and south Tasmania estimated upper dating
limits of ~280 ka and ~580 ka and TT-OSL saturation doses were found to be up to three times
higher than OSL saturation doses.

This study will focus on the thermal lifetime of electron traps and properties of radiation
quenching when administering high doses of laboratory radiation. The application of TT-OSL
to aeolian deposits in Tasmania has the potential to accurately estimate ages for deposits as
old as 600 ka (MIS 15) which encompasses all known aeolian sites in the region relevant to
the determination of landscape change resulting from major shifts in long-term climate,
tectonic uplift and anthropogenic influences.

Lisé-Pronovost, A., Fletcher, M.-S., Simon, Q., Jacobs, Z., Gadd, P.S., Heslop, D., Herries, A.l.R.,
Yokoyama, Y., and team, A. 2021. Chronostratigraphy of a 270-ka sediment record from Lake Selina,
Tasmania: Combining radiometric, geomagnetic and climatic dating. Quaternary Geochronology, 62:
101152. Elsevier BV. doi:10.1016/j.quageo0.2021.101152.

14
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OSL dating at a ‘classical’ time scale — stratigraphic
constraints in Bayesian modelling of a Palaeolithic site
(Jonzac, France).

G. Guérin™, C. Lahaye?, Jacques Jaubert?, Elaine Sellwood’, Anne
Philippe*, Iméne Bouafia“.

1Géosciences Rennes, CNRS-Univ. Rennes, France.
2Archéosciences Bordeaux — Univ. Bordeaux Montaigne, France.
SPACEA, Univ. Bordeaux, France.
‘L aboratory of mathematics Jean Leray, Univ. Nantes, France.

*Corresponding author; Email: gquillaume.guerin@univ-rennes.fr

The site of Chez-Pinaud, in Jonzac (SW France), has yielded a very large sedimentary
sequence. Overall, the ~10 metres-thick accumulation has been divided in more than 20
stratigraphic units, spanning Upper and several Palaeolithic archaeological layers. In 2015,
13 sediment samples were taken at night under controlled lighting conditions. Sand-sized
quartz grains were extracted following standard procedures for single grain OSL
measurements. In situ dosimetry was performed using Al203:C dosimeters; beta dose rates
were calculated from K, U and Th concentrations determined by high resolution gamma
spectrometry.

The OSL signal emitted by the quartz from Jonzac is dominated by the fast component, and
thus suitable for dating purposes; the intensity of the OSL response to fixed test doses (~25
Gy) is rather large (~25 % of the grains give a detectable signal); equivalent doses are in the
50-100 Gy range and early saturation of OSL with dose only appears to be a marginal issue;
finally, resetting of the OSL signal prior to sediment deposition in the rock shelter seems to
have been complete. In other words, the site of Chez-Pinaud (Jonzac) appears to be
favourable to OSL dating.

The OSL ages estimated independently for each sample form three clusters: one around 40
ka (n=2 samples), another one around 50 ka (n=5) and the last one around 60-65 ka (n=6).
However, when the chronological sequence is modelled taking stratigraphic constraints into
account with the dedicated package BayLum [1-2], the ages tend to form a continuous
sequence that poorly reflects the structure of measured data. In this presentation, we present
the data and then compare the results obtained with BayLum with alternative approaches of
age estimation under ordering constraints, among which the uniform phase model of Nicholls
and Jones [3] and isotonic regression [4].

[1] Philippe, A., Guérin, G., & Kreutzer, S. (2019). BayLum-An R package for Bayesian analysis of OSL
ages: An introduction. Quaternary Geochronology, 49, 16-24.

[2] Guérin, Guillaume, et al. (2021). Towards an improvement of optically stimulated luminescence
(OSL) age uncertainties: modelling OSL ages with systematic errors, stratigraphic constraints and
radiocarbon ages using the R package BayLum. Geochronology 3.1: 229-245.

[3] Nicholls, Geoff, and Martin Jones (2001). Radiocarbon dating with temporal order constraints.
Journal of the Royal Statistical Society: Series C (Applied Statistics) 50.4: 503-521.

[4] Best, M. J., and N. Chakravarti. 1990. Active Set Algorithms for Isotonic Regression; a Unifying
Framework. Math. Programming 47 (3): 425-39.
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Last chance saloon; robust ages for human evidence in
caves using only the luminescence dating toolkit.

K. Westaway”, R. Joannes Boyau?

'School of Natural Sciences, Macquarie University. Sydney Australia
2Southern Cross University, Lismore, Australia

*Corresponding author; Email: kira.westaway@magq.edu.au; Telephone: +61424285977

Caves contain some of the most complex stratigraphies of any sedimentary environment due
to extensive reworking by erosive channels creating sharp erosion contacts and younger infills,
and the presence of capping flowstones creating remnant deposits and reworked breccias.
These processes present substantial challenges to establishing reliable chronologies for the
associated human evidence. Usually these challenges are overcome by using multiple
independent age estimates and techniques to provide age control, but some sites do not offer
these opportunities. The site of Tam Pa Ling in northern Laos contains over 7 m of sediments
associated with a wealth of Homo sapiens evidence from a skull to a mandible, tibia, rib and
a frontal skull and chin section. Ordinarily this evidence would present many opportunities for
direct dating (U-series, ESR on the teeth and bone) and dating of cave deposits (U-series on
flowstones, radiocarbon on charcoal) to establish the integrity of the evidence and burial
sediments. But Tam Pa Ling contains only reprecipitated moonmilk, the charcoal is not in situ
and the human evidence is protected by Laotian law and thus cannot be direct dated. This
places the onus on luminescence dating as the sole technique to establish a robust
chronology. In this talk, | will outline how we fulfilled this challenge by digging dig deep into
the luminescence tool kit to overcome quartz saturation, low feldspar yields and weathering
felspars to establish a robust luminescence chronology down section that has wide
implications for human dispersal in this region.

16
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Crystal orientation of K-feldspars can have a major control
on light attenuation in a rock

Rachel Smedley', Elisabetta Mariani

1School of Environmental Sciences, University of Liverpool, Liverpool, UK
*Corresponding author; Email: rachel.smedley@liverpool.ac.uk

Rock surface exposure dating’ and the luminescence erosion-meter2® are exciting new
advances in luminescence, but to derive accurate exposure ages or erosion rates, the
attenuation rate of light with depth into a rock surface (commonly referred to as ) needs to
be accurately quantified. Quantifying p for natural samples is challenging as rocks can be
highly variable in composition even within the same rock-type®. Previous studies have
performed efficient but relatively simple methods (e.g. image analysis) to reveal the change in
rock opacity with depth that is reported to control the light attenuation (i.e. p)+5. However, such
methods do not provide information on the crystal orientation of each rock slice and so its
impact on light attenuation with depth is poorly understood. Here, we pair artificial solar
simulator bleaching experiments with measurements of crystal orientation using high-
resolution energy dispersive spectroscopy (EDS) and electron backscatter diffraction (EBSD)
electron microscopy for the first time (to our knowledge). For our experiments, we use four
naturally-occurring K-feldspar crystals (two with and two without surficial coatings) and three
rocks (two granites and an orthogneiss). The findings show that the crystal orientation of a K-
feldspar can have a major control on the light attenuation for the same K-feldspar crystal under
identical experimental conditions. For the rock samples, we find that crystal orientation only
has a control on light penetration for the coarser-grained samples, and there was no difference
for the finer-grained samples. Overall, our findings show that: (i) scatter can be introduced into
luminescence depth profiles measured using replicate cores by variable crystal orientations
when analysing coarse-grained rocks; and (ii) any external sample used for the calibration of
M for rock surface exposure dating or the luminescence erosion-meter should have the same
crystal orientation as the sample under investigation (but this is mostly important for coarse-
grained rocks).

1. Sohbati, R., Murray, A.S., Jain, M., Buylaert, J.P., Thomsen, K.J. 2011. Investigating the resetting
of OSL signals in rock surfaces. Geochronometria, 38, 249-258.

2. Sohbati, R., Liu, J., Jain, M., Murray, A.S., Egholm, D., Pairs, R., Guralnick, B. 2018. Centennial- to
millennial-scale hard rock erosion rates deduced from luminescence-depth profiles. Earth and
Planetary Science Letter, 493, 218-230.

3. Lehmann, B., Herman, F., Valla, P.G., King, G.E., Biswas, R.H. 2019a. Evaluating deglacial
bedrock erosion and surface exposure duration by coupling in situ optically stimulated luminescence
and 10Be dating. Earth Surface Dynamics, 7, 633-662

4. Meyer, M.C., Gliganic, L.A., Jain, M., Schmidmair, D. 2018. Lithological controls on light
penetration into rock surfaces — Implications for OSL and IRSL surface exposure dating. Radiation
Measurements, 120, 298-304.

5.Smedley, R.K., Small, D., Jones, R.S., Brough, S., Bradley, J., Jenkins, G.T.H. (2021). Erosion
rates in a wet, temperate climate derived from rock luminescence techniques. Geochronology
https://doi.org/10.5194/gchron-3-525-2021.
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Rock surface luminescence dating (RSLD) using optically stimulated luminescence (OSL)
offers a unique method to directly date the construction - or different phases of construction -
of megalithic structures. However, obtaining accurate burial age estimates using RSLD
remains challenging due to complex rock lithologies and methodological limitations.

Here, we present an overview of our most recent burial RSLD age results from five megalithic
sites in France and Norway (some with independent age control), spanning diverse contexts
- from prehistoric whetstone quarries’, neolithic cairns2? and menhirs to Europe’s oldest known
rock-carved map*. These results help refine RSLD protocols and clarify its limitations.

We have measured >170 IR(50) and pIRIR luminescence depth profiles across a variety of
rock lithologies using the standard slicing method of rock cores, and in some cases applied a
faster, higher-resolution EMCCD imaging technique. In addition, we have employed standard
OSL sediment dating on samples extracted from underneath the megaliths to compare with
the RSLD results. IR(50) depth profiles are generally preferred to pIRIR profiles, as they
bleach to greater depths, although the IR(50) signal is more prone to anomalous fading.
Fading was evaluated using both the natural-to-laboratory saturation ratio (NLS)? and g-value
correctioné. While NLS directly measures signal loss in the sample, its reliability is challenged
by the choice of test dose used to measure the profile. Although imaging in RSLD is a
promising method, we show that signal crosstalk (from ~0.5 mm thick slices) results in
distorted profiles which limit reliability. Thinner slices should be used to improve accuracy.

Lithology significantly influenced RSLD performance. Isotropic granites and quartz-muscovite
schist gave deep, reproducible profiles, while brecciated granite, most shists, and greywacke
performed poorly due to OSL sensitivity, inhomogeneity, and limited light penetration. At sites
with secure independent *“C controls, granite samples gave ages consistent with
archaeological expectations, confirming RSLD’s potential for dating megalithic structures. In
contrast, sites with more heterogeneous lithologies yielded variable results.

1. Loftsgarden, K. (2020), Medieval Archaeology, 64(1), 94—115.

2. Cousseau (2016), PhD thesis, Rennes University, Université de Rennes 1, France
3. Gouézin, Philippe (2020). Actes du colloque UISPP, Paris, s. 51-73.

4. Nicolas. et al., (2021), Oxford Journal of Archaeology, 40(4), 451-474.

5. Rades et al., (2018), Radiation Measurements, 120, 281-289.

6. Auclair et al.(2003), Radiation. Measurements, 37(4-5), 487-492
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Catchment-scale erosion dynamics are governed by a suite of geomorphic processes, ranging
from granular creep to large-scale morphologic changes such as deep-seated landslides,
modulated by tectonic activity and climatic variability across different spatio-temporal scales.
While recent advances in long-term erosion quantification have improved our understanding
of these dynamics, the mechanistic links between sediment transport, storage, and production
remain poorly resolved, particularly at shorter timescales and at the single-grain scale.

In this study, we address these limitations by combining single-grain luminescence analysis
with long-term in-situ cosmogenic *Be-derived erosion rates from modern fluvial sediments.
Single-grain luminescence, particularly the post-IR IRSL signal from K-feldspar, enables high-
resolution reconstruction of sediment transport and storage histories over millennial timescale
by quantifying the degree of bleaching at the single-grain level. This contrasts with cosmogenic
nuclide methods, which provide integrated, long-term erosion rates averaged over entire
catchments. By comparing these datasets, we aim to assess the extent to which short-term
sediment dynamics and storage conditions influence long-term catchment-averaged erosion
signals. We hypothesize that grains subjected to gradual transport processes are sufficiently
bleached, exhibiting little to no residual luminescence signal. In contrast, grains delivered
rapidly, such as those mobilized by landslides and debris flows, are hypothesized to show
incomplete or no bleaching, often retaining significant residual luminescence or exhibiting
signal saturation.

We analyzed the proportion of well-bleached and saturated K-feldspar grains in modern fluvial
deposits from two tectonically active mountain belts: the Southern Central Andes (Chile) and
the Southern Alps (New Zealand). These regions exhibit strong climatic gradients and
contrasting catchment morphometries, providing a natural laboratory to test our objective. We
observed both positive and negative correlations between the proportion of bleached grains
and erosion rates in both locations with different process regimes, suggesting complex
transport dynamics and variable opportunities for bleaching across catchments. Similarly,
correlations between saturated grains and erosion rates suggest fast sediment delivery,
complex sediment storage, and reworking within the system. Thus, these observations help
identify sediment sources and the mechanisms driving catchment-wide erosion rates, while
offering insights into (a) the controls on sediment production and transfer, and (b) the
temporally dynamic nature of sediment routing systems in mountainous landscapes.

19



UK Luminescence and Electron Spin Resonance Dating Meeting 2025 | St Andrews

Analysis of natural radioactivity distribution in aeolian
sediment quartz grains and its impact on dose rate in OSL
dating

J. Rocznik", Z. Zakrzewska', A. Wojtalak’, F. Pawetczyk', K. Tudyka', G.
Poreba

1Silesian University of Technology, Institute of Physics — CSE, Konarskiego 22B, Gliwice,
Poland

*Corresponding author; Email: jrocznik@polsl.pl

Luminescence dating is a widely used method for estimating the age of archaeological
artefacts and geological materials. It relies on determining the equivalent dose (D.) and the
dose rate (D.) of ionising radiation, the precision of which is crucial to obtain reliable dating
results. The dose rate can be estimated directly, using dosimeters, or indirectly, by analysing
the activity of radioactive isotopes in the sample and its surroundings, taking into account
factors affecting cosmic radiation and the effectiveness of ionising radiation. In the case of
sediment samples, the accurate determination of the effective dose rate is often problematic.
This is related to the heterogeneity of the medium itself and the inhomogeneous distribution
of radioactive isotopes, possible radionuclide migrations, and the physical characteristics of
the sediments that change over time.
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distribution determination in 7 chosen dune samples

In this work, we outline the methodology and present the results of our research on the
distribution of natural radioactivity in typical dune sediments. This was done by conducting
radioactivity measurements for two dominant fractions, 125-200 um and 200-500 um, of seven
different dune samples, following different pretreatment or sample processing steps that are
standard in luminescence dating procedures (Fig. 1). This approach allowed us to focus on
changes in the dose rate values estimated using data from HRGS and yDOSE/uDOSE+
measurements, including measurements of light and heavy mineral samples which were
possible due to the development of the uDOSE+ system capable of measuring samples as
small as 200 mg, and draw conclusions about the distribution of radiation in the bulk sediment.

Research is still ongoing, but based on the results obtained so far, it can be concluded that for
the dominant fractions in the samples, 125-200 ym and 200-500 um, with quartz making up
the majority component, chemical pretreatment has a significant impact on the activity of 28U,
232Th, and “°K, and therefore, on dose rates; we observed a decrease in dose rate values as
the pretreatment progressed. Furthermore, these values are strongly influenced by the light
and heavy minerals present within the samples, with “°K consistently contributing the most to
their overall activity.
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The NATO SPS funded DEPot project aims to utilise TL measurements of metastable states
in quartz as a nuclear emergency dosimeter. A set of five reference quartzes have been
sourced and purified, with characterisation of these materials ongoing. A preliminary
collaborative trial was conducted, with samples of these five quartzes irradiated at the
Lausanne University Hospital and distributed blind to five project partners. Measurement
protocols were defined based on initial characterisation sequences, including methods to
define TL integrals with potentially variable temperature calibration. Work is ongoing using the
trial data set to further characterize the quartz samples, including kinetic analysis of the
metastable peaks, and produce alternative measurement protocols. A repeat trial at the end
of the project is expected to show improved performance.
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The DEPOT project is exploring the use of quartz thermoluminescence signals for emergency
dosimetry. The focus of the project is on assessing the potential for using low temperature TL
peaks which have a lifetime that is short enough that traps are normally empty as a result of
irradiation from environmental radioactivity, but whose lifetimes are long enough that after a
radiological incident they could be brought back to a laboratory and measured to assess the
radiation dose (Palczewski et al. 2024). When heating at 1°C/s, TL peaks at ~80, ~130 and
~180°C (termed Peaks 1, 2, and 3) have been observed, and of these, Peaks 2 and 3 are
potentially of interest for the DEPOT project. To facilitate experimental work in DEPOT, five
different quartz samples from around Europe have been prepared and are being
characterised.

The work presented here is analysis of the five reference quartz samples, with the aim of
understanding these three low temperature TL peaks more fully. Single grain measurements
of the TL have been undertaken using the EMCCD system mounted on a Risg TL/OSL reader
(Kook et al. 2015), alongside uXRF measurements to assess the purity of the quartz extracts.
To ensure that the TL signals observed by the EMCCD can be unambiguously attributed to
specific grains, and minimise the impact of crosstalk, single grain discs with 7 x 7 grains,
instead of the normal 10 x 10 grains, have been used (Adamiec et al. 2025). Whilst the purpose
of the overall project is to explore the use of these low temperature TL peaks for emergency
dosimetry, these TL peaks are involved in charge transfer during optically stimulated
luminescence (OSL), and have been suggested to be the source of the medium component
in the OSL signal from quartz (e.g. Wang et al. 2015), and so the results presented here will
be of interest to the dating community.

1. Adamiec G., Duller G.A.T. and Gunn M. (2025). Enhancing accuracy in EMCCD measurements of
luminescence from single grains through minimizing crosstalk. Geochronometria (in press)

2. Kook M., Lapp T., Murray A.S., Thomsen K.J. and Jain M. (2015). A luminescence imaging system
for the routine measurement of single-grain OSL dose distributions. Radiation Measurements 81: 171-
177.

3. Palczewski P., Bailat C., Chruscinska A., Cresswell A.J., Duller G.A.T., Fasoli M., Fitzgerald S.,
Martini M., Polymeris G.S., Roberts H.M., Sanderson D.C.W., Schmidt C. and Spencer J.Q.G. (2024).
Testing emergency radiation doses by metastable TL peaks in quartz — preliminary investigations.
Radiation Measurements 174: 107128.

4. Wang X.L., Du J.H., Adamiec G. and Wintle A.G. (2015). The origin of the medium OSL component
in West Australian quartz. Journal of Luminescence 159: 147-157.
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Rapid dose assessment is critical for managing radiological emergencies, enabling effective
triage and protective actions. This study investigates the use of household salt as field-
deployable dosimeters, using portable Optically Stimulated Luminescence (OSL) and Infra-
Red Stimulated Luminescence (IRSL) instruments. Salt exhibited linear dose responses from
0-500 uGy, with detection limits as low as 7 pGy using portable OSL systems. Signal stability
was analysed, revealing initial luminescence decreases followed by approximate stability
between days 8-64 with later signal increases. Correction methods for signal variations were
developed. Light and moisture exposure caused rapid signal loss, which can be prevented by
packaging salt in sealed black plastic pouches. Three experiments demonstrated salt’s ability
to map radiation fields, in controlled laboratory conditions, in open field conditions and in a
complex radiation field within an AMS laboratory, with results aligning with theoretical doses
and instrumental systems. This study has demonstrated that salt measured with portable OSL
systems, can offer near real-time dose estimates from uGy to Gy ranges, providing a cost
effective approach complementing existing techniques for emergency response and
environmental dosimetry. Further work is identified to better understand the mechanism
controlling signal stability, and develop more comprehensive protocols to account for
environmental factors and fading adjustments, further verification of the approach in
emergency exercises and scenarios, leading to wider adoption of this approach.

1. Darvill (2010). Journal of Neolithic Archaeology, 12(2)

2. Bueno et al. (2016). Archaeopress Archaeology

3. Cousseau (2023). Archaeopress Archaeology

4. Paulsson (2019). PNAS 116(9):3460—-3465

5. Cousseau et al. (2020). Antiquity 2020 Vol. 94 (378): €31, 1-8
6. Ou et al. (2018). Radiation Measurements 120, 305-311
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Linear earthworks, boundary monuments and enclosures such as hillforts are prominent
features in archaeological landscapes. They are difficult to date directly using artefacts or
radiocarbon samples. Sediments associated with key stages of monument development
present opportunities and challenges. They embed key indicators of past environments as
well as encoding formation information but may have undergone complex taphonomic
processes. Key to understanding sampling for dating is an understanding of formation
process. Luminescence profiling methods — originally based on laboratory analysis of small
samples, and more recently on field-based observation - has helped both to understand site
formation processes and to target key dating horizons. With careful sample selection and
consideration of the relationship between sets of samples key events of site evolution it is
possible (and desirable) to establish robust frameworks for Bayesian analysis.

In this paper we present examples of the combination of profiling, dating and Bayesian
analysis to selected monuments and boundaries. Scorton Cursus (N. Yorks) is a double
ditched linear earthwork extending for at least 2.1 km. Several hundred metres were
excavated ahead of commercial gravel extraction in 2010-11 by Northern Archaeological
Associates, and field and laboratory profiling conducted to target dating samples for the main
ditch sections, associated banks enclosing older land surfaces, and satellite structures
including a dissociated ring ditch. Sixteen OSL dating samples were eventually analysed and
Bayesian analysis successfully dated the construction to the 39" to 36" century BC. To our
knowledge this is the first time that a direct constructional date has been achieved for this type
of monument. Beacon Ring is a Univallate Hillfort on the Welsh Marches believed to have
been constructed but not occupied. Excavations by Clwyd and Powys Archaeological Trust in
2018 were followed in 2019 by OSL profiling and sampling. This targeted the contact points
beneath the central bank and former ground surfaces to provide terminus post quem for the
construction and a series of colluviated sedimens from the inner bank to provide a terminus
ante quem. Field profiling successfully identified appropriate sampling positions and Bayesian
analysis of three sets of OSL dating measurements constrains the construction of the rampart
to the 1t or 2nd centuries BC. Again to our knowledge this is the first time that hillfort rampart
has been dated in this manner. These approaches have also been applied to linear earthworks
including Offa’s Dyke, Wat’s dyke and Grims ditch.
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Dikes are crucial for lowland coastal areas. A prime example is the Netherlands, where about
60% of the land surface would regularly flood without dikes which would affect 9 million people.
Dikes are also an important and famous element of the Dutch landscape and identity. Diking
along the major rivers started about 1,000 years ago, and enforcement is continuing to the
present day to battle climate change and sea-level rise.

Investigating the history of a dike reveals the evolution of human-made lowland landscape
and the way past societies dealt with flood risks. Developing such dike biographies requires
robust age control. Especially for older phases of dike construction and strengthening, such
information often cannot be obtained from historical records. Dating using archaeological
artefacts or radiocarbon dating is cumbersome as artefacts and suitable organic material are
usually scarce and may be reworked. Therefore we explore luminescence approaches for
dating dikes as part of our NWO funded Earthwork project.

Here we report quartz OSL single-aliquot and feldspar post-IR IRSL single-grain dating results
for two river dikes. One dike is from the river Scheldt in Belgium, a tidally influenced river. The
other is from the Waal (Rhine) river in the Netherlands. At both sites, a trench was excavated
through the full dike body and revealed several construction phases. Luminescence samples
were taken from natural flood deposits underneath the dike body and from different phases of
dike construction. For the Scheldt dike, results for nine samples indicate that dike construction
started in the early 16" century and the dike was raised to about 2.5 meters soon after. For
the Waal dike, construction already started in the 11* century and the dike was strengthened
in several phases during subsequent centuries.

Luminescence ages obtained through single-aliquot quartz OSL and single-grain feldspar
post-IR IRSL are in good agreement and reliability of results is corroborated by comparison
with independent age control. Equivalent-dose distributions, especially for quartz OSL,
indicate that the sediments are bleached remarkably well. We suggest that contemporary flood
deposits are used for dike construction and that bleaching occurred upon deposition rather
than during dike construction. Agreement with independent age control implies that very young
deposits are used for dike construction; this seems logical in an area that is prone to flooding
and receives regular supplies of fresh flood deposits as construction materials.
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Most of the cultural resources in Canada pre-date the arrival of Europeans and are buried,
with no surface indicators. Although many of these archaeological sites are more easily
interpretable as they contain materials such as bone, time-diagnostic projectile points, pottery,
and organic material suitable for radiocarbon dating, most do not. The interpretive challenges
presented by these types of sites may be further exacerbated by relatively shallow, visually
undifferentiated archaeological stratigraphies and by regional cultural chronologies that are
still being debated and developed. Within a cultural resources management (CRM) context,
these challenges can result in an under-estimation of the value of certain types of
archaeological sites and the recommendation for development approval without further work,
both of which have the potential to adversely impact the sites as well as future heritage
potential models.

In 2012, to address these challenges, Western Heritage, a CRM company based in western
Canada, adopted a stratigraphic approach that included the routine characterisation of
sediments at archaeological sites using field-based tools, such as the Scottish Universities
Environmental Research Centre’'s (SUERC’s) portable luminescence reader. Unique among
Canadian CRM companies, our work has improved the interpretation of historic resources in
a variety of contexts that include the boreal forest, parkland, and plains regions. Examples
include examining the nature and timing of intrusive features within an archaeological site,
screening sediments to confirm suitability for formal OSL dating of previously ‘undatable’ site
types and gathering environmental and relative age data from regions that are,
archaeologically speaking, poorly understood.

Our work has resulted in greater insights into the nature, timing, and significance of
archaeological sites that would otherwise be considered of low interpretive value. The broader
implications of our work demonstrate that CRM projects can effectively incorporate
environmental and chronological data beyond regulatory requirements, to improve site
interpretability, better inform recommendations for site management, and reduce bias in
heritage potential models.
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As part of understanding the natural and cultural heritage of the Carneddau mountain area of
Wales, the fieldscapes project aims to better understand changes in grazing regimes during
the last 2000 years. It is looking at the field systems with a view to establishing when the
landscape was divided up with walls into fields. Based on planform mapping, curvilinear,
irregular fields are thought to date anywhere from the Early Bronze Age (~5000 BP) to the
Early Medieval period (~1500 BP). In contrast, rectangular field arrangements are thought to
have been emplaced, based on ceramic finds, during the Roman occupation dating to between
1700-1900 BP. Previous radiocarbon dates from beneath walls ranged from 815530 BP to
2970+30 BP with little consistency. Recent luminescence at a site called Rachub dated
material from 2400 to 300 before present. More promising but still problematic in that the
processes that last disturbed the sediments beneath the walls may not have related to the
boundaries’ construction.

Here we present new ages from two sites (Corbi and Maen y Bardd) where luminescence
sampling has taken place of material both underneath walls and washed against the wall base
to better understand the timing of wall emplacement. Luminescence ages were based on small
aliquot quartz SAR measurements. Despite unpromising material, each site showed good
stratigraphically consistent ages. They show Corbi, despite having a curvilinear wall system,
dates to the Roman period. Maen y Bardd, with its rectilinear field systems dates to the Late
Bronze Age.
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Many mineral groups have luminescence that is related to lanthanide substitution, which
provides characteristic energy cascades that appear as sharp peaks in emission spectra.
Because of this common link, mineralogists often refer to lanthanide elements as “activators”
of characteristic luminescence colours/peak. One such system is fluorite, where substitution
of Ca2 by RE? occurs, with a charge imbalance compensated in a variety of different ways.

Here we present a study of the temperature and compositional dependence of the
luminescence. Our data show that the lanthanide centres act as isolated entities when dilute,
up to a critical threshold at which quantum efficiency drops. Simultaneously, the relative
proportions of small (heavy) and larger (Light) lanthanides changes. We interpret this as
evidence for lanthanide-rich clusters which favour smaller lanthanides, which therefore drives
changes in the relative proportions of lanthanide substituents in the fluorite from the same
fluid.

Analysis of luminescence lifetimes provides further insight. Lanthanides have characteristic,
long spin-forbidden (us-ms) luminescence lifetimes, which are visible in our lifetime
photoluminescence studies. However, these decays also have fast (ns) lifetime components
which are inconsistent with intra-ion energy cascades. We interpret the fast decays as Dexter
resonance between the lanthanide and an electronic defect (trapped electron) lying very close
(e.g. nm) in physical space. This provides evidence that lanthanides are incorporated into
fluorite by multiple different substitution mechanisms, and that lifetime studies can provide
evidence for substitutions that less prevalent. More generally, we show coupling of
substituents and electronic defects is a feature of mineral luminescence behaviour.
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The use of a double-SAR protocol presupposes that the IR-OSL, attributed to feldspars, is
independent of the post-IR BL-OSL, attributed to quartz after elimination of the feldspar
contribution. In a classical global approach, using a photomultiplier, it is estimated observing
that the IR-OSL is bleached to a residual level, whether this level corresponds to a slow (not
‘bleachable’) component, or whether it is a fraction of the excitation signal (which can be seen
by measuring a blank). This observation does not rule out the possibility that some of the
feldspar traps have not been emptied, and were emptied by undetected radiative, or
radiationless, transitions. | reframed the problem to whether grains emitting by IR-OSL could
then emit by BL-OSL. This would suggest that the grain is a feldspar and that IR-OSL does
not empty all the traps, or that it is a mixture of quartz and feldspar (solid inclusion or crystalline
micro-domains). The question thus redefined comes down to evaluating the colocalisation of
the response under IR-OSL and BL-OSL by imaging. More generally, colocalisation can be
used to compare various stimulation (optical, but also thermal).

To investigate this approach, colocalisation studies were carried out using a Lexsygresearch
equipped with an ANDOR iXon Ultra 897 EmCCD camera. The first tests were carried out with
grains fixed on discs. In this case, the grains are well individualised, reducing the risk of
crosstalk. However, adhesion was not perfect and the grains tended to move independently
between measurements. An alternative was to use pellets, similar to those used for SEM. No
fixing additives are used to ensure the internal cohesion of the pellet. The pellet is then fixed
to a polished disc and measured in TL and OSL. The positioning of the grains within the pellet
is reproducible. Displacement of the pellet on the disc is generally small and can be easily
corrected by digital processing. However, the effects of crosstalks and the noise created by
all the grains, even those with low luminescence, must be taken into account.

The images obtained are processed using FiJi software. Simple processing transforms each
stack into a 2D image. This involves comparing the presence or absence of signal per pixel
according to the stimuli, without taking into account the temporal response (i.e. TL or OSL
glow curve). Colocalisation can be observed qualitatively using false colour processing,
associating each stimulation with a colour. However, the intensities must be comparable in
order to identify cases of colocalisation. It is also possible to compare emission profiles for
grains larger than the spatial resolution. Mathematical processing can be used to evaluate the
overall correlation rate.

This paper will present the initial results obtained, and discuss the strengths and weaknesses
of this approach.
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Conventional luminescence dating techniques, while widely applied in Earth Sciences and
Archaeology, primarily register exposure to light or heat and are typically limited to the last
~750 ka. In contrast, lyoluminescence (LL), the emission of light during the dissolution of
previously irradiated crystalline solids, provides access to an alternative chronological event:
the most recent crystallisation. This opens the door to previously inaccessible archives, such
as deep evaporitic formations or low-light environments, where conventional luminescence
methods may fail or provide ambiguous results.

Earlier studies identified saturation doses for LL signals in halite at approximately ~10 kGy [1].
Assuming signal stability over geological timescales, this would imply a potential dating range
covering much of the Quaternary. This makes LL particularly promising for investigating long-
term subsurface processes and palaeohydrological reconstructions. The LL is not without
challenges, such as the solubility of different minerals or the possibility of partial signal
resetting due to post-crystallisation perturbations (light, heat, humidity). Nonetheless, its
complementary character relative to OSL and TL makes it a valuable addition to the
geochronologist’s toolbox.

To facilitate the field application of LL, we have developed LyoScope, a compact prototype
that integrates automated dissolution and photon detection into a portable system. Unlike
conventional luminescence readers, LyoScope does not require optical stimulation or heating
of the sample. Instead, dissolution is initiated by automatic injection of a prepared solution into
a replaceable measurement chamber, enabling fast and contamination-free sample
exchange. The device is powered and controlled via a USB connection, allowing natural dose
measurements to be performed directly in the field using a standard laptop. This minimises
signal loss caused by exposure to light or ambient humidity. While the signal calibration must
still be determined in a laboratory (as LyoScope does not contain a built-in radiation source),
the device brings LL studies one step closer to true in situ geochronology, bridging traditional
laboratory protocols with flexible field-based applications.

Our presentation will highlight the concept of LL, present preliminary results from natural
evaporite samples, and technical insights into the LyoScope device. Together, these
developments mark a step toward establishing LL as a practical and innovative chronometric
method. Recent outcomes are detailed in our latest publication [2].

[11 N.A. Atari, K.V. Ettinger, J.H. Fremlin, Radiation Effects 17 (1973) 45-48.

[2] M. Biernacka, R. Majgier, K. Staninski, M. Kaczmarek, S. Zelek-Pogudz, M. Sadel, K.M. Szufa, H.
Blanke, S. Kreutzer, Journal of Luminescence 280 (2025) 121088.
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Quantitative provenance analysis plays a key role in understanding the tectonic, sediment
transport pathways, and climatic processes that shape landscape of Earth. Quartz optically
stimulated luminescence (OSL) sensitivity and electron spin resonance (ESR) signals have
been empirically proposed as indicators for sediment provenance based on differences in
quartz luminescence sensitivities. Luminescence sensitivity is defined as luminescence
produced per unit dose per unit mass. Differences in quartz sensitivity are attributed to the
intrinsic properties of the parent rock and to changes during transport and deposition
(Constantin et al.,, 2025). The present study aims to understand the mechanism of
sensitization in quartz grains by analyzing defect dynamics in rock and sediment samples
collected from diverse geological settings worldwide. The samples include granites,
sandstones, metamorphosed granites, volcanic rocks, and sediments. We employed a multi-
spectroscopic approach: combining thermoluminescence (TL), optically stimulated
luminescence (OSL), electron spin resonance (ESR), and cathodoluminescence (CL)
measurements, with geochemical data obtained through laser ablation inductively coupled
plasma mass spectrometry (LA-ICPMS).

ESR data showed the presence of E’ centres (an unpaired electron at an oxygen vacancy site,
=Si), intrinsic peroxy centres (ESi—0-0-), Al-related defects ([AIO4]°), and Ti-related defects
([TiO4Li*]). The SEM-CL spectra showed the presence of two emissions: a blue emission
(~440 nm, attributed to Ti impurity) and a red emission (~650 nm, attributed to non-bridging
oxygen hole centres, NBOHC, =Si—0O-:). A correlation was observed between quartz
sensitization in the laboratory and the presence of the [TiO,Li*]° ESR signal, blue CL emission
(~440 nm), and Ti and Li concentrations measured by LA-ICPMS. Samples showing [TiO,Li*]°
and blue CL became sensitized after repeated dosing and bleaching, and the Titanium and
Lithium concentrations obtained from LA-ICPMS supports these results. In contrast, samples
lacking these centres showed no sensitization. These findings indicate that sensitization in
natural quartz originates from specific defect structures inherited from the parent rock. The
Titanium and Lithium impurities, and their associated paramagnetic centres, play a key role in
the natural sensitization of quartz following detachment of the host rock.

These findings provide new insights into role of quartz point defect in the sensitization of grains
in nature. At the conference, detailed results and their implications will be presented.

Constantin, D., Dave, A.K., Grecu, S., Kabacinska, Z., Antuzevics, A., Barla, A., Urdea. P., Ducea,
M.N., Timar-Gabor, A., 2025. Tracing quartz provenance: A multi-method investigation of luminescence
sensitisation mechanisms of quartz from granite source rocks and derived sediments. Chem. Geol. 683,
122774. https://doi.org/10.1016/j.chemge0.2024.122774.
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The electron spin resonance (ESR) of charges (electrons, holes) that have accumulated in natural
lattice defects and impurities in quartz minerals offer a low temperature multi-thermochronometry
system with closure temperatures between ~10 and 80 °C. This system offers the potential to resolve
rock temperature changes precisely within the last ~1-2 km of Earth’s crust throughout the Quaternary.
Over the past ~10 years we have worked intensively on the development of this technique and here we
provide an overview of the status of ESR thermochronometry.

Using quartz samples from a diverse range of settings (Mont Blanc and Aiguilles Rouges massifs -
European Alps, Japanese Alps, Zion Canyon - USA, Anadarko basin - USA, KTB borehole - Germany,
MIZ1 borehole - Japan) we have established experimental protocols for measuring ESR signals in the
laboratory. We have developed numerical models that accurately describe signal accumulation and
thermal decay; these equations are now implemented within the 3D thermo-kinematic model, Pecube.
We have successfully validated the technique against borehole data and have applied it to constrain
exhumation rates within the Japanese and European Alps. We show that ESR-thermochronometry is
now a robust technique that can constrain exhumation rates of as low as ~0.1 mm/yr over kyr to Myr
timescales with great potential for Earth science research.
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Luminescence thermochronometry is used to constrain rock cooling and exhumation rates.
The method relies on a temperature threshold (effective closure temperature) above which
thermal depletion of trapped charge is greater than the accumulation of charge due to ionising
radiation. Below this threshold, charge trapping dominates, and a measurable signal will begin
to accumulate. Feldspar Iuminescence signals function as low-temperature
thermochronometers. With a closure temperature <100 °C, they can constrain rock cooling
histories over timescales from 0.1-0.4 Myr, dependent on cooling, dose and fading rate.

Luminescence thermochronometry relies upon numerical models that describe the build-up of
luminescence due to ionising radiation and its decay due to thermal and athermal depletion.
Several numerical models with different underlying physics exist, and it is challenging to
evaluate their performance against geological data. Thus, an independently constrained
calibration dataset is needed to test the available models.

Here, we present results from a novel experiment which emulates cooling in nature to evaluate
the competition between charge trapping and (a)thermal depletion. We realised this
experiment using a Risg reader with an additional heating plate mounted beneath the beta
source. A custom-made JavaScript application enables synchronous temperature and dose
control, enabling the custom-designed cooling-irradiation-modulation (CIM). Following CIM,
the amount of trapped charge is determined using thermoluminescence (TL) and infrared-
stimulated luminescence (IRSL) measurements. The results of the CIM are treated as an
unknown natural signal (L.) that is constrained in a dose-response curve measurement to
enable the quantification of the relative saturation level (n/N) resulting from the performed
CIM.

We will present results of this experiment, conducted on four feldspar samples, representing
the compositional end members of the alkali feldspar group, and examples from bedrock
settings, previously explored using luminescence thermochronometry. The results encompass
tests on different cooling scenarios, simulating various natural settings. We quantify the
number of trapped charges using TL and IRSL and compare the experimental observations to
simulation results using different kinetic models and kinetic parameters constrained through
luminescence experiments.
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While highly desired, it remains a challenge to determine high natural doses. The challenge
is to project a natural dose close to saturation to a dose-response curve generated with high
laboratory doses. The single saturating exponential (SSE) function mostly delivers poor fits
to this type of dose responses. In order to understand the poor fit and associated D,
underestimation, we employ analytical expressions derived from the OTOR model (one trap
one recombination centre [1]) and from the OTORX model (extended OTOR [2]). We
compare OTOR and SSE fits for high-dose quartz and feldspar samples and use a
theoretical approach to explain the results. Our explanations focus on the physically
meaningful constants [3] obtained from the OTOR fit functions, i.e. the characteristic
saturation dose Dss% and the retrapping ratio R. Well-bleached fine-grained polymineral and
monomineral feldspar and quartz samples irradiated up to ~5000 Gy were used and
measured using the plIRIR,;s and OSL-SAR protocols.

We show that the widely reported D. underestimation of high natural doses is an inherent
bias of the SSE. Furthermore, we show that an exponential saturating dose-response curve
must be constructed to accurately determine the values of the fit parameters. Using such
long DRCs we find R values that are specific for feldspar and quartz and this, in turn,
explains the inability of the SSE function to describe the dose response close to saturation.

1 Pagonis, V., Kitis, G., Chen, R., Sep 2020. A new analytical equation for the dose response of
dosimetric materials, based on the lambert w function. J. Lumin. 225, 117333

2 Lawless, J. L., Timar-Gabor, A., 2024. A new analytical model to fit both fine and coarse grained
quartz luminescence dose response curves. Rad. Meas. 170, 107045

3 Kitis, G., Polymeris, G.S., Peng, J., 2025. Determining equivalent dose for optically stimulated
luminescence (OSL) dating with physically meaningful dose response curves. Quat Geochron. 88,
101671
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The luminescence erosion-meter (Sohbati, et al., 2018) provides us with a unique opportunity
to determine erosion rates over previously impossible timeframes (centennial to millennial). It
will allow us to determine the first ‘glacial’ and ‘interglacial’ erosion rates for the UK, which can
be used to inform the site selection of a future nuclear Geological Disposal Facility (GDF). A
number of different bedrock lithologies are still in consideration for a UK GDF and given that
erosion rates are highly dependent upon rock-type it is important that a variety of rock-types
are assessed. However, when measuring luminescence signals emitted from rock slices
comprised of a heterogeneous mix of minerals it is not well understood which of the grains are
emitting (and dominating) the luminescence signal. Previous studies have shown that a
measurable luminescence signal can be detected in blue wavelengths from different feldspar
types in both density-separated K-feldspar sand fractions (e.g. Smedley et al. 2012) and
crystalline rock slices (e.g. Thomsen et al. 2018).

Here we use an electron-multiplying charged coupled device (EMCCD) attachment on the
luminescence reader to spatially-resolve the luminescence signal emitted from a large suite
of 18 rock slices of varying rock-types (feldspar crystals, granites, microgranites, sandstones,
mudstones, flint, and gneisses) and link the emissions to geochemical measurements using a
MXRF and SEM. Our data shows that the IRy, signal is often contaminated by emissions from
Na-feldspar, which can become problematic in samples with low K-feldspar. Typically, K-
feldspar is characterised by sodic exsolution textures. Therefore, we recommend that the post-
IR IRSL signals should be used for rock slice measurements as they are isolated to only the
K-feldspar and not contaminated by emissions from Na-feldspar. Furthermore, our data shows
that even samples of the same lithology from the same site can have significantly different
luminescence properties, which could impact upon the attenuation of light over time during
exposure (quantified by y in the models). Thus, it is vital to ensure that the properties of
samples used for external calibration of light attenuation are comparable to those under
investigation.

1. Smedley, R.K., Duller, G.A., Pearce, N.J.G. and Roberts, H.M. (2012) Determining the K-content of
single-grains of feldspar for luminescence dating. Radiation Measurements, 47(9), pp.790-796.

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

3. Thomsen, K.J., Kook, M., Murray, A.S. and Jain, M. (2018) Resolving luminescence in spatial and
compositional domains. Radiation Measurements, 120, pp.260-266.
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The Iberian peninsula contains many sites essential to the current understanding of human
evolution and population movement, including some of the oldest evidence of hominin
occupation in Europe at over a million years ago (e.g., Gibert et al., 2024). However, many of
these late Early and Middle Pleistocene sites are challenging to date due to their old age and
the scarcity of applicable methods. The S-IRLum project consists of a combination of method
development on two complementary luminescence-based dating techniques—infra-red
radiofluorescence (IR-RF) and infra-red photoluminescence (IRPL)—at single-grain resolution
and their application to three important sites of Early and Middle Pleistocene age in Northern
and Southern Spain. Development of an automated spatially resolved analysis through an
ultra low-light imaging detection system is the best possibility to isolate grains with appropriate
characteristics to avoid contamination by unwanted signal from other minerals as well as
assess sediment re-working events, a common occurrence in cave environments, thus helping
to improve the accuracy and reliability of resulting age estimates.

The Iluminescence reader used in this project is a lexsyg research device (Freiberg
Instruments) that was recently refurbished to allow for IR-RF; measurement protocols at high
spatial resolution (e.g., Mittelstral3 and Kreutzer, 2021) as well as IRPL (e.g., Duller et al.,
2020). Here, we will detail the project methods and their associated challenges as well as
present preliminary spatially-resolved measurements.

1. Duller, G.A.T., Gunn, M., Roberts, H.M., 2020. Single grain infrared photoluminescence (IRPL)
measurements of feldspars for dating. Radiation Measurements 133, 106313.
https://doi.org/10.1016/j.radmeas.2020.106313

2. Gibert, L., Scott, G., Deino, A., Martin, R., 2024. Magnetostratigraphic dating of earliest hominin
sites in Europe. Earth-Science Reviews 104855. https://doi.org/10.1016/j.earscirev.2024.104855
3. Mittelstral3, D., Kreutzer, S., 2021. Spatially resolved infrared radiofluorescence: single-grain K-
feldspar dating using CCD imaging. Geochronology 3, 299-319. https://doi.org/10.5194/gchron-3-
299-2021
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Quantifying luminescence signal resetting in turbid, subaqueous environments is critical for
both geochronological applications and sediment tracing, yet empirical constraints on
underwater bleaching remain limited. We present a combined assessment of bleaching
efficiency and in situ signal resetting based on a tidal inlet field experiment. Sand-sized quartz
and feldspar grains with a known dose were exposed to natural daylight across a range of
water depths for a full tidal cycle. During the experiment underwater light spectra and
suspended sediment concentrations were repeatedly monitored.

Single-grain luminescence measurements using an EMCCD-based imaging system reveal a
clear bleaching front: a depth below which negligible signal resetting occurs within a day. The
depth and rate of signal loss are strongly signal-dependent: quartz OSL exhibits rapid
bleaching in the upper water column, whereas feldspar IRSL, particularly post-IR IRSL,
displays persistent residuals even after prolonged exposure.

By combining measured subaqueous light spectra with published bleaching characteristics for
quartz OSL and feldspar IRSL, we calculate bleaching efficiency as a function of depth. Our
bleaching efficiency data shows that at intermediate depths (2—-5 m), feldspar IRSL signals
can bleach faster than quartz OSL, reflecting the combined effects of spectral light attenuation
and signal-specific photoionization sensitivity [1,2].

This study demonstrates how tidal dynamics and suspended sediment concentrations control
the underwater light field, directly influencing the depth- and mineral-dependent resetting of
luminescence signals. The resulting signal-specific bleaching durations offer information for
identifying conditions under which different signals reset. In a next experiment, we gathered
sediments from the sea-floor in and around the Ameland tidal inlet. Using the EMCCD system,
single grain dose distributions for feldspar IRSL and several post-IR IRSL signals were
measured with a MET protocol. Results show a spatial pattern of remnant dose, which we
interpret in terms of sediment pathways. This work illustrates the value of partial bleaching as
a recorder of recent sediment dynamics in coastal systems.

1. Spooner, N. A. (1994). On the optical dating signal from quartz. Radiation Measurements, 23(2-3),
593-600.

2. Spooner, N. A. (1994). The anomalous fading of infrared-stimulated luminescence from

feldspars. Radiation measurements, 23(2-3), 625-632.
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Coastal zones face increasing risks of erosion and flooding due to the persistent impacts of
climate change. Gravel barriers act as natural defense against flooding, making their
sustainable management crucial. Insights into their past response to climate change can
inform coastal resilience strategies; however, our understanding of past gravel barrier
dynamics is restricted by difficulties in accurately dating changes in coarse clastic settings.
The aim of this research, as part of the NERC funded #gravelbeach project, is to enhance our
understanding of coastal barrier dynamics (i.e. migration and accretion rates) over geological
timescales (mid- to late-Holocene) by establishing a chrono-stratigraphic framework for
drowned barriers and overwash deposits in gravel-dominated beaches in the UK.

A ~5 m deep sediment core was obtained from the gravel beach complex at Borth, Wales. Six
luminescence samples (some of which are composed of both sand and cobbles) were
collected at different depths (0.7-3.6 m) throughout the core based on stratigraphical analyses.
To address potential concerns of partial bleaching and post-depositional mixing, single grain
dating of quartz and K-feldspar sand grains was employed. Furthermore, cobbles and pebbles
were analyzed to assess the feasibility of rock burial dating for dark-colored (graywacke and/or
mudstone) cobbles in this clastic coastal setting. Results reveal that light penetration into the
surface of the cobbles was limited to ~1mm for both quartz OSL and feldspar IRSL signals,
making luminescence depth profiles uninformative of identifying changes in the past coastal
processes. However, depositional age estimates were obtained from the surface slices of the
cobbles and compared with ages derived from single grain dating of quartz and K-feldspar of
the same sample.

39



UK Luminescence and Electron Spin Resonance Dating Meeting 2025 | St Andrews

Luminescence dating of submerged gravel barriers to
assess the vulnerability of coastal energy infrastructure to
sea-level rise

T. A. Quinn”, R. K. Smedley’, N. Ataee’, A. J. Plater!, C. Lyddon', A. G.
Bellamy?

'University of Liverpool.
2Tarmac Marine Ltd.

*Corresponding author; Email: t.a.quinn@liverpool.ac.uk; Telephone: 07599247343

Gravel barriers act as natural defences to critical coastal infrastructure. Evidence
suggests that aggregate extraction and prospecting areas off the south coast of
England include sites of putative drowned mixed-gravel barriers, based on bathymetric
data and seismic profiles. Such data can be used to evaluate the shallow geology,
dynamics and morphology of the region to acquire an insight into past morphodynamic
processes (Evans et al., 1995). Reconstructing historical barrier dynamics in the
English Channel using optically stimulated luminescence (OSL) dating alongside
interpreting seismic profiles to map the observed sedimentology below the seabed will
create an analogue for historical barrier responses to sea level rise which can then be
applied to similar environments that exist today such as Chesil beach using numerical
modelling (Mellett and Plater, 2018). Therefore, a good understanding of the
geochronology of these drowned gravel barriers is essential. This study uses samples
from four cores extracted from licence area 488 (owned by Tarmac Marine Ltd) located
offshore from Littlehampton, UK, which have been analysed using OSL dating to
determine ages since burial. OSL dating was performed on coarse grain quartz (180-
250 ym) using both multi-grain (2-mm diameter) and single-grain (300 um diameter
holes) aliquots. The D. distributions determined using the multi-grain aliquots and
single-grains were broadly similar, but with some important differences, which will be
addressed in this study. Our new ages provide a temporal context for barrier rollover
and/or overstepping as well as the rate of sea level rise.

1. Evans, C.D.R., Brett, C.P., James, J.W.C. and Holmes (1995) ‘Shallow seismic reflection profiles
from the waters of east and southeast Asia- an interpretation manual and atlas’. BGS Technical
Report WC/94/60.

2. Mellett, C.L. and Plater, A.J. (2018) ‘Drowned Barriers as Archives of Coastal-Response to Sea-
Level Rise’, in L.J. Moore and A.B. Murray (eds) Barrier Dynamics and Response to Changing
Climate. Cham: Springer International Publishing, pp. 57-89. Available at:

https://doi.org/10.1007/978-3-319-68086-6_2.
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aliquots from coastal sediments in Southern Brittany (W
France) and estimation of Palaeodose with BayLum.
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2CNRS, Géosciences, University of Rennes, UMR 6118, 35000, Rennes, France
3Institute of Geology, University of Corufia, Campus de Elvifia, 15071, A Corufa, Spain.

*Corresponding author: carlos.arce@udc.es (0034 644 53 57 56)

Along the Southern Coast of Brittany (W France) there are sedimentary deposits of continental
origin (alluvial, aeolian, slope, etc.) whose formation is hypothetically related to the Sea-Level
variations during the Late Pleistocene. However, their age of formation is completely unknown,
preventing their contextualization within a better-defined paleoclimatic framework. This gap is
now being filled and the presence of quartz grains within the sedimentary matrix has allowed
us to carry out a first geochronological approximation through optically stimulated
luminescence (OSL) dating. The fast OSL signal of multigrain aliquots (180-250 um; approx.
100 grains) from some of these outcrops is suitable for the calculation of a burial age. Late
background integration method (LBG) of normalised natural and regenerated OSL signals
(Ln/Tw, Ly/Ty) obtained by using the single-aliquot regenerative dose protocol (SAR) and the
use of a single exponential fit, results in heterogeneous dose response curves (DRC) with a
variable characteristic dose (D,), as well as a wide dispersion in the equivalent dose (D.)
values. The over-dispersion of the D. distributions, estimated with the Central Age Model
(CAM), sometimes lies above 50%, do not seem to be related to the effects of variability in the
beta micro-dosimetry within the sediment. The scatterplot analyses and normality tests show
that the data are consistent with normal (Gaussian) distributions, suggesting that partial
bleaching is not an issue. Finally, to reflect the physical saturation of the traps in the crystals
we have used the exponential fit. Thus, for some of the aliquots classical data analysis
consisting of estimating D.+ 0 (e.g. Analyst) leads to saturated aliquots (D.£INF or INF£INF)
and the inclusion of such aliquots in statistical models that allow it greatly affects the estimated
ages. In order to address these problems arising from saturation effects, we have carried out
the analysis of the natural distributions, as well as the comparison of the results from the Dose
Recovery test and Palaeodose estimation by using different age models such as CAM,
average dose model (ADM) or Bayesian procedures with BayLum.
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High-Resolution Reconstruction of Continental
Precipitation from Marine Sediment Cores Using a Novel
Luminescence Scanner
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Govin3, Marie Haut-Labourdette®, André Oliveira Sawakuchi#
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Marine sediment cores are key archives for reconstructing past environmental conditions,
including continental precipitation, an essential driver of climate variability. Traditionally,
precipitation has been inferred from plant-wax hydrogen isotopes (n-alkane &D) or elemental
ratios (e.g., In(Fe/Ca)), although these proxies are often limited by material availability, post-
depositional alterations, or sea-level influences. As an alternative, luminescence sensitivity,
measured via Optically Stimulated Luminescence (OSL) offers a faster, more direct, and
precipitation-proportional method for reconstructing hydrological variability in marine
sediments’. To enhance the efficiency and resolution of these measurements, we developed
a novel luminescence scanner capable of analyzing intact sediment cores without the need
for subsampling. The system integrates an OSL reader equipped with infrared (850 nm) and
blue (480 nm) LEDs, corresponding cutoff filters (780 nm and 420 nm), and a photomultiplier
tube with an ultraviolet bandpass filter (U340). An X-ray source (60 kV) provides controlled
irradiation. All components are managed by custom software, Vagalume, which enables real-
time control and automatic calculation of key parameters such as BOSL,;s/BOSL_total and
IRSL;s/BOSL;s ratios, as well as X-ray voltage and current. Method validation was conducted
on section Il of marine sediment core MD23-3670Q. Each meter of the core was scanned at
1 cm resolution, with a 3-hour acquisition time. The protocol, repeated four times, consisted
of a 12-hour pause post-irradiation followed by sequential IRSL and BOSL stimulations (50 s
each). BOSL;s and IRSL;s were derived from the first second of the respective OSL decay
curves, while BOSL_total was calculated from the full blue-stimulated signal. Background
correction used the last 10 seconds of each curve. The luminescence results were then
compared with Fe/Ca ratios obtained via X-ray fluorescence (Avaatech) on the same core
segment. Our findings demonstrate that the new scanner provides reliable, high-resolution
data and represents a robust alternative for reconstructing past continental precipitation using
luminescence proxies in marine sediment archives.

1. Mendes, V.R., Sawakuchi, A. O., Chiessi, C.M., Giannini, P. C.F., Rehfeld, K., & Mulitza, S. (2019).

Thermoluminescence and optically stimulated luminescence measured in marine sediments indicate
precipitation changes over northeastern Brazil. Paleoceanography and Paleoclimatology, 34.
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Quantitative dating of Pleistocene to recent shallow-marine
and fluvial terrace deposits in an active extensional basin
(Polis Graben), NW Cyprus

C. Antoniou™, A. H. F. Robertson', T. Kinnaird?
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Edinburgh EH9 3FE, UK.
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The Pleistocene to recent development of the Neogene Polis graben in NW Cyprus is
recorded in a series of terraced shallow-marine deposits, fluvial clastics and associated
sediments. The shallow-marine terraces are mainly bioclastic carbonates including abundant
solitary corals and aeolianites, whereas the fluvial terraces comprise conglomerates, sands,
silts, paleosols and colluvium. Local interfingering of fluvial and shallow-marine facies
enables some useful lateral correlations across the basin. To help establish a chronological
framework, a total of 30 samples of fine-grained fluvial and shallow-marine sands, paleosols
and colluvium were collected over two field seasons with the aim of quartz optically
stimulated luminescence (OSL) dating. In situ luminescence profiling using a portable OSL
reader guided the selection of sampling sites for full laboratory dating at the University of St.
Andrews. Results help provide a temporal framework for the Pleistocene when coupled with
anticipated U-series age dates from solitary corals in the coastal terraces. The specific
objective is more accurate terrace correlations, which will help with understanding the
controls of Pleistocene terrace formation related to global-to-regional tectonics and both
climatic and eustatic sea-level changes.

44


mailto:cantonio@ed.ac.uk

UK Luminescence and Electron Spin Resonance Dating Meeting 2025 | St Andrews

Feldspar-IRSL inter-model comparison and evaluation for
application in thermochronology

Maxime Bernard?, Georgina King?, Benny Guralnik®**
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Over the past decades, significant advances in our understanding of trapped-charge
techniques have been made. Particularly, the processes of electron trapping and de-trapping
have been investigated through many laboratory experiments, as well as from physics
theory. This has led to the conceptualization of numerical models that aim at reproducing
trappedcharge signal growth and decay in response to ionising irradiation and exposure to
elevated temperatures, respectively. Applications to thermochronology, require that the
kinetic parameters in these models are reliably constrained to allow thermal histories, and
ultimately exhumation histories, to be reconstructed. To date, several models exist to
describe trapping and de-trapping of charge in feldspar and quartz, with different
assumptions about the underlying physical processes. However, a recent application of
these models to K-feldspar IRSL samples from the Mont-Blanc massif (European Alps),
shows significant differences in the reconstructed cooling history of the massif in the last 200
kyrs (Figure 1), despite all models showing good fits to experimental data (dose response
curves and isothermal decay curves). This is of primary concern since these differences in
model predictions lead to opposite interpretations of the rock cooling history (Figure 1b-e).
Yet, benchmarking these models against known and natural isothermal history luminescence
measurements from the KTB borehole does not discriminate model performance. In this
poster, we summarize our findings and suggest potential way forward to better validate
models.

2 Figure 1. Predicted cooling history along the Mont-
Blanc tunnel during the last 200 kyr (a). Inverted
cooling histories from infra-red stimulated
luminescence (IRSL) IRSL50 and IRSL225 signals.
Evaluated models predict significantly different
cooling histories of the Mont-Blanc massif (b-e). The
band-tail states model (b) predicts no significant
Wb msensansars ) o) Sorsnlagerimetc cooling of the massif while the general order kinetic
(GOK, b), the localized transition recombination
(LTR, d) and the Gaussian model (GM, e), predict 10
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Optimising Luminescence Dating Protocols of Erosive
Marine Terrace Sediments of Noto Peninsula, Japan
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Erosive marine terraces serve as valuable records of past landscape evolution and sea level
fluctuations. In tectonically active regions, they also provide crucial insights into earthquake
history and associated land uplift rates. Noto Peninsula, located on Japan’s west coast, is a
region where erosive marine terraces can be studied to this purpose, as active tectonics
causes land uplift, resulting in the existence of extensive marine terraces of different ages.
These marine terraces have been well studied and correlated geomorphologically to MIS
stages [1]. However, so far almost no numerical ages were reported. This is what is aimed to
be done with this study. The study was spurred by the catastrophic M,7.5 earthquake that
occurred near the coast of Noto in January 2024, causing land uplift of the region of locally up
to 4.4 m [2]. This provides the opportunity to gain valuable insights into earthquake history and
associated land uplift rates. Determining these uplift rates requires accurate dating of marine
terraces, which can be effectively achieved through luminescence dating techniques.

In this study, pIRIR dating is applied to sediments from marine terraces that were previously
categorised as MIS 5e to MIS 9. Since this is at the age measurement limit for quartz, this
study exclusively used feldspar instead. The use of feldspar leads to uncertainties that need
to be considered, mainly bleachability and anomalous fading. To determine how bleached the
sediments are, the residual doses are measured using modern analogue samples. To optimise
the dating protocol, the preheat, first and second stimulation temperatures are varied to find
the combination of temperatures that yields the lowest residuals and produces the least
anomalous fading, but also is in the 10% range of the dose recovery ratio. Furthermore, the
age results are compared to different independent ages. For this purpose, samples of the
Pectinadae shell were taken from one of the outcrops which are measured with calcite
thermoluminescence. Finally, the resulting ages are also compared with Sanbe Kisugi tephra
age (~110 — 115 ka) and coral ages measured using the 2°Th/24U dating method (~120 ka)
[3]. We identify the plR:sIR»70 method with a preheating of 300 °C as the most reliable method
to determine robust ages of marine terraces on Noto.

[1] Ota, Y., Hirakawa, K., 1979. Marine terraces and their deformation in Noto Peninsula, Japan sea
side of central Japan. Geogr. Rev. Japan 52, 169-189.

[2] Fukushima, Y., Ishimura, D., Takahashi, N., lwasa, Y., Malatesta, L.C., Takahashi, T., Tang, C.-H.,
Yoshida, K., Toda, S., 2024. Landscape changes caused by the 2024 Noto Peninsula
earthquake in Japan. Sci. Adv. 10, eadp9193.

[3] Omura, A., 1980. Uranium-series age of the Hiradoko and Uji shell beds, Noto Peninsula, central
Japan. Trans. Proc. Palaeont. Soc. Japan 117, 247-253.
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Long-term coastal dune evolution and aeolianite
preservation on the passive margin coastline of South
Africa: new geophysical and luminescence dating
analyses in Walker Bay on the Cape south coast.

H. S. Borde™, A. S. Carr*, H. C. Cawthra?, R. M. Cowling?

"University of Leicester, United Kingdom.
2Council for Geosciences, South Africa.
3Nelson Mandela University, South Africa

*Presenting author; Email:hsb21@leicester.ac.uk; Telephone: 07741398995
#Corrosponding Author; Email:asc18@leicester.ac.uk

The dynamic Cape south coast of South Africa is widely recognised for the extensive
occurrence of aeolian coastal dunes and older (cemented) aeolianites. The latter are thought
to preserve records of dune formation spanning multiple glacial-interglacial cycles. However,
existing records are dominated by ages implying formation during Marine Isotope Stages
(MIS) 1 and 5e. Extensive and (assumed) much older deposits have also been identified, but
are largely unstudied. By unravelling their chronologies, we seek to generate new insights into
early to middle Pleistocene coastal change and to interrogate the mechanisms underpinning
long-term preservation of aeolianite deposits on a tectonically stable coastline. We anticipate
preservation to be strongly controlled by local topography and pre-existing geological
structures.

Here we focus on the geomorphic history of Walker Bay, southwest of Cape Town. Our aim is
to integrate a suite of geophysical (ground penetrating radar-GPR), geochemical (ICP-MS,
SEM) and luminescence (OSL) dating methods to unravel the chronology, structure and
provenance of dune sands within the embayment. We have particularly focused on extending
the dating age range using TT-OSL (quartz) and post-IR-IRSL (K-feldspar) luminescence
methods. We are trying to map the subsurface profile of the dune using GPR and integrate
pOSL chronology.

Initial results demonstrate a range of ages from ~700ka (unfaded p-IRIR290) to 1ka (Quartz).
We were able to regenerate > 800 Gy dose (unfaded) using K-Feldspar grains (IR290) and
observed a dose rate of ~1.3 Gy/Ka. The quartz seems to be saturated at > 200 Gy, and given
the very low dose rate in the region ~0.5 Gy/ka, the ages could be much older by the standard
of this coastline. Several sites produced luminescence ages substantially greater than any yet
published for this coastline. We also observe several unusual aeolianite deposits; some far
from the modern coastline, reaching >250m above sea level, and other locations with closely
juxtaposed aeolianites (dating to > 700 ka) and uncemented sands (late Pleistocene). The
latter date to MIS 3, a period with few dated dune records, when we anticipate sea-levels were
significantly lower than the present. The results challenge existing models (largely based on
combining suites of luminescence ages) in which pulses of dune formation occurred primarily
during the MIS 5 and MIS 1 interglacial high-stands. Several questions arise as to the
mechanisms that permitted aeolianite formation/preservation at such heights and distances
relative to the modern coast, and the results present further questions as to whether Walker
Bay is a unique locale, or whether such complex suites deposits are actually much more
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widespread. On this basis we consider whether methodological and sampling limitations have
led a spatially and temporally biased record of long-term dune formation in this region.
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Optically Stimulated Luminescence Profiling and Dating
(OSL-PD) as a tool for reconstructing the Medieval
establishment of terraces in the northern Apennines (ltaly)

F. Brandolini'z, T.C. Kinnaird?, A. Srivastava?, S. Turner*

'"MIT Center for Sustainability Science and Strategy, Massachusetts Institute of Technology,
77 Massachusetts Avenue, 54-1312, Cambridge, MA 02139, USA
2 Dipartimento di Scienze della Terra “Ardito Desio”, Universita degli Studi di Milano, 20133
Milan, Italy
3School of Earth and Environmental Sciences, University of St Andrews, Scotland KY16
9TS, UK
4Centre for Landscape, School of History, Classics and Archaeology, Newcastle University,
NE1 7RU, UK

*Corresponding author; Email: filbrand@mit.edu; Telephone: +13392439182

This research applies Optically Stimulated Luminescence Profiling and Dating (OSL-PD) to
establish the chronological development of terrace farming in the northern Apennines (ltaly),
addressing the longstanding difficulty of aligning historical social transformations with
environmental change. OSL-PD was undertaken on 17 profiles across terraced slopes,
facilitating the construction of detailed luminescence stratigraphies and guiding targeted OSL
sampling. The analysis of 250 sediment samples produced high-resolution time-depth models,
which reveal that the primary phases of terrace construction occurred between the 11" and
13n centuries CE. This time frame corresponds with major socio-political developments,
notably the encastellation process, as well as the climatic conditions associated with the
Medieval Climate Anomaly. Earlier phases dating to the 9" century CE were also identified,
while later modifications coincide with the coldest periods of the Little Ice Age, including the
Maunder Minimum. The findings demonstrate the role of terrace farming as a resilient
agricultural strategy, shaped by both environmental pressures and socio-economic dynamics.
This study highlights the value of OSL-PD in disentangling complex construction sequences,
detecting partial bleaching, and enhancing understanding of human-environment interactions
within Late Holocene landscapes.
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Unravelling the Evolution of Holocene Tidal Inlets Using
Luminescence Profiling: Insights from the Western Belgian
Coast

Victor Cartelle?, Soetkin Vervust?, Ruth Plets', Zoé Vanbiervliet, Tine
Missiaen’
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The reconstruction of palaeo-coastal landscapes requires high-resolution stratigraphic
frameworks with robust chronological control. In the nearshore zone of the western Belgian
coastal plain, a dense integration of seismic, sedimentary, and chronological data has
revealed a complex system of multi-phase tidal inlets preserved as channel-fill deposits. Here,
we present the results of optically stimulated luminescence profiling applied to this extensive
assemblage of multi-story channel fills extending over 30 km? offshore of Nieuwpoort.

Using portable OSL profiling, we acquired over 120 bulk signal intensity measurements from
vibrocores, targeting sandy channel fills. These luminescence signatures, when interpreted in
conjunction with seismic facies, sedimentological logs, and radiocarbon ages, enable the
establishment of a relative chronostratigraphy across successive inlet phases. Signal intensity
patterns reveal systematic shifts in inlet activity over time, with the oldest preserved channel
(W1) displaying the highest OSL counts, followed by younger, laterally migrated channels
(W2-W5) showing progressively lower intensities. The sedimentary record further shows
transitions in channel migration direction, from downdrift to updrift, interpreted as a response
to changes in back-barrier sedimentation.

The relative OSL-based chronostratigraphy aligns well with independent radiocarbon
constraints, while also allowing the identification of potentially reworked or outlier dates. Our
results demonstrate the potential of luminescence profiling as a powerful tool for resolving
relative chronologies in complex shallow marine environments, helping to refine
reconstructions of dynamic coastal systems.

50



UK Luminescence and Electron Spin Resonance Dating Meeting 2025 | St Andrews

Testing OSL-Profiling and Dating in Anthropized Volcanic
Landscapes of Western Mexico: Preliminary results
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Optically stimulated luminescence (OSL) has become an important tool for documenting the
long-term history of landscapes inhabited and modified by humans, through the dating of
minerals contained in their soils, especially in agrarian contexts, where charcoals and
ceramics are rare. In Mexico, the multiplication of airborne laser mapping has recently
revealed the omnipresence of such landscapes, shaped by pre-Hispanic groups over several
centuries. However, OSL dating has been set aside in the Volcanic Highlands of Central
Mexico, where the low radioactivity of the dominant rocks (basic and intermediate) and the
reduced content of quartz and alkali feldspar provided only mixed results in early attempts at
application. Recent advances in mapping, rock analysis and OSL field and laboratory
protocols have led us to set up a new study in an attempt to date the agrarian landscapes of
several archaeological sites located in the Trans-Mexican Volcanic Belt. We present here the
promising results of our initial field operations in Western Mexico and laboratory phases. In
the field, all the volcanic soils tested showed a weak but exploitable signal of IRSL and BSL.
Refinement of the SAR protocol in the laboratory confirms the potential for obtaining dates.
These results, although preliminary, already offer excellent prospects for future research into
Mexico's ancient landscapes.
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DRAC, DRAC-rock, and DRAC-map
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The denominator of the age equation, the environmental dose rate (D) is a key parameter for
trapped charge dating studies. D calculation is generally not mathematically complex, but the
high number of variables and calculation steps can provide opportunities for miscalculation. In
2015, DRAC (dose rate and age calculator; Durcan et al., 2015) was published as a web-
based, open-source D calculator aimed at offering a means of transparent and standardised
D calculation. The calculator is available at www.aber.ac.uk/alrl/drac, and the data sets
available for use in DRAC and the calculation code are available from GitHub at
https://github.com/DRAC-calculator/DRAC-calculator.

Here we outline recent and proposed updates to DRAC. In DRAC v1.3 (due for update in
summer 2025) the dose rate conversion factors of Cresswell et al. (2018) and alpha dose rate
grain size attenuation factors of Martin et al. (2014) are added and are available for use in D
calculation. These updates have resulted in minimal changes to the calculation code and no
resulting changes to the DRAC input and output tables. We propose more advanced changes
in future versions of the software and seek community input and feedback relating to the
development of a version of DRAC for rock surface and cobble dating applications (‘DRAC-
rock’), and the production of a ‘DRAC-map’ feature, in which users could contribute
calculated/published D values to produce a visual database showcasing global D variability,
as well as the distribution of existing luminescence and ESR ages. Other potential
amendments to the existing DRAC software include offering the possibility of user-defined
water content attenuation parameters (currently these factors are fixed within the DRAC code)
and offering the option to incorporate a Radon loss correction to Uranium and Thorium decay
chains. Additional suggestions for features that would be of use to the trapped charge dating
community are also welcomed.

1. Cresswell, A.J., Carter, J. and Sanderson, D.C.W. (2018) Dose rate conversion parameters:
assessment of nuclear data. Radiation Measurements, 120, 195-201.

2. Durcan, J.A., King, G.E., Duller, G.A.T., 2015. DRAC: Dose Rate and Age Calculator for trapped
charge dating. Quaternary Geochronology, 28, 54-61.

3. Martin, L., Mercier, N., Incerti, S. (2014) Geant4 simulations for sedimentary grains in infinite matrix
conditions: the case of alpha dosimetry. Radiation Measurements, 70, 39-47.
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Establishing a Chronology for the Submerged Landscape
of Bouldnor Cliff
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Bouldnor Cliff is a submerged landscape that is in an area of key archaeological significance
in the Solent and in the South of England’. It is now exposed on the edge of an old palaeo-
channel that was transgressed by the sea 8,000 years ago, infilled with sediment but now
eroding?. This erosive process has formed a 9m high section across the submerged landscape
and infill deposits: archaeological finds include evidence for a logboat, other worked wood,
lithic assemblages and burnt flints.

The Leverhulme Trust funded project - Palaeoenvironmental and archaeological investigation
of the exotic influences of the Solent Area: key to the south and refuge to the north is seeking
to reconstruction the late Pleistocene to early Holocene palaeo-environment(s) of Bouldnor
Cliff, and the wider Solent area, through an integrated archaeological, sedimentary DNA,
palynological study®. OSL dating, alongside radiocarbon, is being used to establish a
chronology of events at Bouldnor CIiff.

Thus far, research has been focussed at site BCI, where steps were cut into the side of the
cliff, creating delineated and adjacent positions to recover core. These cores profile the
timeline of sedimentary buildup over the last few thousand years, superseding the Mesolithic
period of occupation. The chronology for BCI spans from 8.74 + 0.51 ka to 5.53 £ 0.19 ka,
providing insight on key events in the development of the site, including alluviation, peat
formation, and marine inundation at site BCI. Cores have also been extracted from strategic
locations across the sites of BCIl and BCV; sites where archaeological evidence has
demonstrated human occupation. The archaeological assemblage from BCIl is dominated by
lithics but it was also the site where sedaDNA of Einkorn was detected in 2013*

This poster presents some of our preliminary work, leading us to hypothesise that the Solent
was part of a wider area of Southern Britain that provided glacial refuge in the North, and that
Bouldnor Cliff was a key cultural connection to the South.

1. Bailey, G. N. & Flemming, N. C. Archaeology of the continental shelf: Marine resources, submerged
landscapes and underwater archaeology. Quat Sci Rev 27, 2153-2165 (2008).

2. Momber, G. et al. New evidence from Bouldnor CIiff for technological innovation in the Mesolithic,
population dispersal and use of drowned landscapes. Quaternary International 584, 116—128 (2021).
3. Smith, O. et al. Sedimentary DNA from a Submerged Site Reveals Wheat in the British Isles 8000
Years Ago. Science 2015, 347 (6225), 998—-1001. https://doi.org/10.1126/science.1261278.
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From field to laboratory: Luminescence chronologies of
Late Glacial sediments in the Cairngorm Mountains
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The Cairngorms preserve a unique record of hunter-gatherer activity within a mountainous
setting. Radiocarbon dating suggests that Mesolithic groups periodically occupied and moved
across the region from the early Holocene onward. However, the environmental context and
timing of sediment deposition preceding human activity remain poorly constrained, limiting our
understanding of how changing landscapes influenced early postglacial occupation.

Here, we present preliminary luminescence chronologies for two fine-grained sedimentary
profiles at the Chest of Dee, Cairngorms. Sediments were sampled at 5 cm resolution, and
analysed in the field using portable Optically Stimulated Luminescence (portOSL) system. The
measurements were used to assess down-profile signal trends, accumulation trends, and infer
potential changes in sediment source through signal ratio analysis. In the laboratory, we
applied the post-infrared infrared stimulated luminescence (pIRIR) protocol to the polymineral
4—-11 um fraction to develop ages.

Both field and laboratory results indicate relatively rapid sediment accumulation, with evidence
for at least three depositional phases. Most sedimentation appears to have occurred during
the Late Glacial period, prior to human occupation. These findings contribute to a growing
understanding of the dynamic environmental conditions in the Cairngorms.
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Using planchette-based measurements to increase delta-
OSL sensitivity.
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Delta-OSL is a measurement sequence which involves OSL measurements that are separated
by heating cycles. It has the potential to allow optical measurements, for example, using
portable OSL instruments to measure signals associated with metastable traps. Thus, this
could be an important technique for nuclear emergency dosimetry, with TL from metastable
quartz peaks under investigation within the NATO SPS DEPot project. Initial investigations
were conducted to determine appropriate heating cycles and evaluate the technique using
samples of two quartzes dispensed onto 10 mm discs, with measurements and heating
conducted using a Risg reader. This demonstrated the feasibility of the approach for high-
sensitivity annealed Fontainebleau quartz (FBQ), however low-sensitivity samples such as
quartz purified from Morar sand (MS) did not have the required dose response to make
meaningful measurements from 1 cm samples using standard filters. A follow-up study using
MS and FBQ quartz dispensed onto 3.2 cm planchettes measured in a SUERC portable OSL
reader, with heating cycles using an external oven, evaluated the sensitivity in the dose range
from 0.05 Gy to 3 Gy. This produced a much larger photon count for MS when measured on
the planchettes, allowing delta-OSL analysis, and noted a small pre-dose effect with disk-to-
disk scatter, which could be minimised through mass normalisation. The techniques have also
been applied to measurements of a set of quartz samples irradiated for an initial collaborative
trial within the DEPot Project, and the results of these measurements in comparison to TL
measurements are presented.
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Integration of spatially resolved Infrared-
Radiofluorescence dating and synchrotron based p-XRF
mapping of potassium-rich feldspar grains
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The Infrared-radiofluorescence (IR-RF) signal of potassium (K)-rich feldspar is a promising
candidate in extending the upper age limit of luminescence dating techniques. The method
relies on the IR-RF signal generated by charge trapping during exposure to ionizing radiation.
Previous work has demonstrated that individual grains of K-rich feldspar display differences in
the decay shape of the IR-RF signal, and therefore the measurement of the IR-RF signal at
the multi-grain scale can lead to inaccurate equivalent doses (De) (Sontag-Gonzalez et al.,
2024). However, the relationship between the shape of the decay of the IR-RF signal and
individual grain geochemistry has not been studied in detail.

To assess whether the grain geochemistry influences the age limit of this dating method, we
have begun to systematically examine K-rich feldspar grains at the single-grain level. Here,
we present spatially resolved IR-RF measurements from a CCD imaging system integrated
within the Lexsyg Research luminescence reader, following the measurement protocols
described by Frouin et al. (2017) and the data processing techniques developed by Mittelstra®
and Kreutzer (2021). For each grain, we have illustrated the shape of the IR-RF signal and
have determined the De. After IR-RF measurements, the same grains were mapped using p-
X-ray fluorescence (u-XRF) at the Submicron Resolution X-ray Spectroscopy (SRX) beamline
of the National Synchrotron Light Source Il (NSLS-II) at Brookhaven National Laboratory, USA.
Here we present the results from our pilot study with a sample from the Turkana Basin, Kenya.
Our objective is to improve our understanding of the relationship between the shape of the IR-
RF signal and individual grain geochemistry.

1. Sontag-Gonzalez, M., Kumar, R., Schwenninger, J.-L., Thieme, J., Kreutzer, S., & Frouin, M. (2024).
Short communication: Synchrotron-based elemental mapping of single grains to investigate variable
infrared-radiofluorescence emissions for luminescence dating. Geochron, 6(1), 77—-88.

2. Frouin, M., Huot, S., Kreutzer, S., Lahaye, C., Lamothe, M., Philippe, A., and Mercier, N.: An improved
radiofluorescence single-aliquot regenerative dose protocol for K-feldspars, Quat. Geochronol., 38, 13—
24, https://doi.org/10.1016/j.quageo.2016.11.004, 2017.

3. Mittelstral3, D. and Kreutzer, S.: Spatially resolved infrared radiofluorescence: single-grain K-feldspar
dating using CCD imaging, Geochronology, 3, 299-319, https://doi.org/10.5194/gchron-3-299-2021,
2021.
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The ability to deliver accurate and precise calibration doses is a central part of all absolute
trapped charge dating methods. Such doses are often absorbed from a radiation source
(alpha, beta, X-ray) built into the measurement equipment. This source is then calibrated
against an absolutely known reference source (usually a gamma source) and many
laboratories make use of Risg calibration quartz for this purpose. We have previously
described this material in detail Hansen et al. (2015, 2018) and discussed the over-dispersion
(OD) of 3.2£0.3% in calibrated dose rate observed over 16 years.

This OD was calculated on diff. set of aliquots over the 16 year period which could lead to an
overestimate of the true OD as the preparation of aliquots, wheel and other external factors
may fluctuate over such a long period.

In this study we first present the OD from a subset of aliquots prepared in one batch measured
regularly over 2 months and compare this with that from fresh aliquots prepared for each run.
Secondly, we investigate the beta dose recovery of Risg calibration quartz in each step of our
pretreatment prior to the final gamma dose in order to test whether there is any systematic
dependence on pretreatment.

We also test whether the relationship between the quartz OSL generated by beta and gamma
radiation is independent of the total accumulated dose for our calibration material.

1. Hansen, V., Murray, AS., Buylaert, J-P., Yeo, E-Y., Thomsen, KJ. 2015. A new irradiated quartz for
beta source calibration. Radiation Measurements 81, 123-127.

2. Hansen, V., Murray, AS., Thomsen, K., Jain, M., Autzen, M., Buylaert, J-P. 2018. Towards the origins
of over-dispersion in beta source calibration. Radiation Measurements 120, 157-162.
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Application of ESR investigation to Mollusk shells dating,
part of South East Coast of India
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Thick marine Quaternary sediments filling the Krishna Godavari (KG) Basin , India, were
deposited under the influence of different tectonic and sedimentary environmental conditions.
These sediments include levels having high amount of fossil mollusk shells, which are suitable
for dating. In this study, for the first time, Electron Spin Resonance (ESR) spectroscopy was
used to date fossil mollusk shells collected in Quaternary deposits of this Basin. In the
experimental process, to confirm again the usability of the freely rotating isotropic radical in
ESR dating for the Quaternary period. Calculated long thermal lifetimes (~106 a) and the high
activation energies (~1.3 eV) indicated that the radical is quite stable throughout Quaternary
Geological Time. It has been demonstrated once again that ESR dating, which is extensively
used in geological research all over the world and has advantages (such as a broad dating
age range and the ability to use a wide variety of geological materials) over alternative dating
methods, is critical for the Quaternary Era. It is believed that application of these studies to
fossil Mollusk shells, can characterize the nutrient status of ancient ecosystems. This work is
considered to be first of its kind from marine environments of Indian coasts.

Keywords: ESR dating, Mollusk shells, Marine Environment, Late quaternary period, South
East Coast of India.
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The Benedictine Abbey in Tyniec is the oldest existing monastery in Poland (11th cent. AD).
Samples of mortars were collected from the oldest layers of historical relics located in the
reserve under the presbytery of the Gothic church. In this study, we present the preliminary
results of OSL measurements of quartz aggregate, and an ESR analysis of the carbonate
binder conducted to assess the possibility of ESR dating.

Petrographic examination and SEM + EDS observations showed a predominantly carbonate
composition, with localized carbonate-gypsum phases. The binder phase is primarily
composed of CaCO3, with minor admixtures of clay minerals. The aggregate fraction consists
mostly of quartz sand, along with crushed fragments of unburned limestone and lime lumps.
The results of the analyses clearly indicate that the OSL signal of quartz grains was not
sufficiently bleached during the production process. The multiple-aliquot regenerative-dose
(MAR) protocol was used (Wang 2021), and the steps were added to monitor the effects of
the so-called thermal transfer (TT). The MAR protocol results were compared with the
thermally modulated OSL (TM-OSL) method, which determines the OSL age based on the
fastest optically bleached signal (Chrusécinska 2021). The OSL age obtained using this method
should be close to the expected for quartz grains exposed to sunlight during mortar production.
However, due to the lack of sufficient OSL extinction in quartz grains demonstrated by the
MAR method, this TM-OSL age can only be considered as an upper-age estimate.

Samples of carbonate binder for ESR measurements were obtained through a sequential
dissolution procedure (Michalska 2019) conducted in a darkroom, and dried at 50°C. The
spectra were analysed with the aid of ESR simulations to identify the paramagnetic centres
present in the samples, and compare them to the centres commonly found in carbonates and
used for ESR dating, with the goal of assessing their suitability for ESR dating. Since
carbonate crystals are formed during the mortar production, their concentration in a sample
should reflect the age of the mortar.

1. Michalska D. 2019. Influence of different pretreatments on mortar dating results. Nucl. Instrum.
Methods Phys. Res., B: Beam Interactions with Materials and Atoms (456), 236-246.
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2. Wang X., Peng J., Adamiec G. 2021, Extending the age limit of quartz OSL dating of Chinese loess
using a new multiple-aliquot regenerative-dose (MAR) protocol with carefully selected preheat
conditions. Quaternary Geochronology, 62, 101144,

3. Chruscinska A., Palczewski P., Rerek T., Biernacka M., Lefrais Y. 2021, Measurement of the
paleodose in luminescence dating using the TM-OSL of quartz. Measurement, 167, 108448.
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For both rock exposure and burial dating, the investigation of luminescence signals with
increasing depth below the rock surface exploits the reduction in solar intensity into the rock
to improve the reliability of the method (Vafiadou et al. 2007; Sohbati et al. 2011). Models of
solar bleaching have been proposed, based on the Beer-Lambert model for the reduction in
intensity of light through a material (e.g. Freiesleben et al. 2015). However, these models do
not always well fit experimental results from laboratory and short-term solar bleaching
experiments (e.g. Ou et al. 2018). One limitation of the existing models is that they do not
account for the differences in transmission that occur as a function of wavelength.
Nevertheless, despite this mismatch between theory and experimental data, dating using rock
surfaces appears to be very successful (e.g. Gliganic et al., 2024). Is this difference because
samples for dating have typically been exposed for periods of years, decades or longer,
whereas previous bleaching experiments have been no longer than ~1 or 2 years?

In this study we extend the work started by Ou et al. (2018) and present data covering more
than 8 years of exposure to natural daylight for five different rock types. These data are
compared with existing models for bleaching in rocks. A simple model for assessing the impact
of differences at different wavelengths will also be explored.

1. Freiesleben T., Sohbati R., Murray A., Jain M., al Khasawneh S., Hvidt S. and Jakobsen B. (2015).
Mathematical model quantifies multiple daylight exposure and burial events for rock surfaces using
luminescence dating. Radiation Measurements 81(0): 16-22.

2. Gliganic, L.A., McDonald, J. and Meyer, M.C. (2024). Luminescence rock surface exposure and burial
dating: a review of an innovative new method and its applications in archaeology. Archaeological and
Anthropological Sciences 16:17.

3. Ou X.J., Roberts H.M., Duller G.A.T., Gunn M.D. and Perkins W.T. (2018). Attenuation of light in
different rock types and implications for rock surface luminescence dating. Radiation Measurements
120: 305-311.

4. Sohbati R., Murray A.S., Jain M., Buylaert J.-P. and Thomsen K.J. (2011). Investigating the resetting
of OSL signals in rock surfaces. Geochronometria 38(3): 249-258.

5. Vafiadou A., Murray A.S. and Liritzis 1. (2007). Optically stimulated luminescence (OSL) dating
investigations of rock and underlying soil from three case studies. Journal of Archaeological Science
34(10): 1659-1669.
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While electron spin resonance (ESR) and optically stimulated luminescence (OSL) have long
been applied together for age determination, their combined use is now gaining increasing
popularity in provenance studies. The comparison of quartz grains from different sedimentary
environments, along with the investigation of factors influencing both ESR and OSL
parameters, still offers numerous opportunities for further research.

This study investigates the separability of sediments from distinct source areas and transport
processes by analyzing parameters derived from ESR (E', Ti-h, peroxy, Al-h centers), OSL
(CW-OSL, Total LM-OSL, and LM-OSL fast and medium components), as well as the 110 °C
TL peak. Furthermore, possible correlations between ESR and OSL parameters are examined
to improve the discrimination of sediment samples according to their provenance. Quartz
grains were extracted from modern fluvial and paleo-aeolian sediments in the Pannonian
Basin, providing an excellent opportunity for comparative provenance analysis.

Based on the measured samples, aeolian and fluvial sediments can be clearly distinguished
by the mean values of E'; and LM-OSL medium component, while the Ti-h parameter proved
to be the most effective in differentiating between Danube and Tisza sediments. The strongest
correlation between the two methods was observed between the E'; and the LM-OSL medium
component. A clear linear downstream variation of the Al-h parameter is observed in both
rivers, whereas distinct trends in the E'; and Ti-h parameters are evident only in the Tisza
River. Regarding the luminescence parameters, the 110°C TL peak exhibits a consistent
downstream increase in both the Danube and Tisza Rivers, with a strong correlation (R? =
0.9). In the upper Tisza, the LM-OSL fast component and CW-OSL sensitivity are similar to
those of the Danube and lower than in the middle and lower sections. This downstream
increase is driven by high-sensitivity quartz grains supplied by tributaries, whereas in the case
of the Danube, a recurring change is observed instead. This recurring change in luminescence
sensitivity is primarily attributed to erosion of the Danube riverbanks.

Keywords: sediment provenance, luminescence sensitivityy, ESR parameters, fluvial and
aeolian quartz grains
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Reconstructing the dynamics of a dryland river floodout
zone in the Indian Thar desert using OSL chronology
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The evolution of the floodout zone of the Luni River adjoining the southeastern margin of the
Indian Thar desert holds crucial insights into palaeohydrological regimes and aridification
processes. Here, we present some anticipated insights from forthcoming Optically Stimulated
Luminescence (OSL) ages from different fluvial landforms. Geomorphological mapping using
Google Earth and other remote sensing datasets were used to identify sites of primary interest,
including active channel and floodplain deposits and palaeochannel deposits (e.g. bank
exposures and fills in palaeomeanders and cutoffs). The present study seeks to complement
and extend previous luminescence dating of alluvial sediments along the middle course of the
Luni which indicated climate-controlled variations in the degree of fluvial activity since the mid-
late Pleistocene [1]. Initial OSL age estimates from the first sample set (n = 8) are nearing
completion, and the dates are expected to support a narrative of progressive Holocene
disintegration of fluvial connectivity in the floodout zone. Collectively, we anticipate that these
preliminary ages will infer a gradual slowing of fluvial activity that was coincident with regional
aridification and weakening of the Indian Summer Monsoon [2], a change that eventually led
to formation of the present-day floodout zone. Ongoing analyses of additional samples (n =
30) will refine the timing and rates of these fluvial changes and establish the linkages with
regional palaeoclimatic records, including the evidence derived from aeolian deposits [3]. Our
findings will extend understanding of Thar Desert palaeochannel systems and integrate the
fluvial dynamics within a broader picture of the regional archaeology of the Indus Valley
Civilisation that once thrived alongside large fluvial systems [4]. The findings may also
contribute to an emerging global picture of profound dryland channel-floodplain changes that
have taken place in the mid-late Holocene interval.

References

[1] Jain, M. et al. (2005). Quaternary alluvial stratigraphical development in a desert setting: a case
study from the Luni River basin, Thar Desert of western India. Fluvial sedimentology VII, 349-371.
https://doi.org/10.1002/9781444304350.ch19

[2] Ponton, C. et al. (2012). Holocene aridification of India. Geophys. Res. Lett., 39(3).
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[3] Srivastava, A. et al. (2020). Holocene palaeoenvironmental changes in the Thar Desert: An
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Understanding luminescence mechanisms in feldspars is important for geochronology and
emerging application areas such as thermochronology and rock surface exposure dating.
Recent developments, such as infra-red photoluminescence (IRPL), enable the study of
spatial distributions of electron traps at high resolution, potentially allowing us to determine
how their spatial correlation with recombination centres affects charge transport dynamics.

To realise this potential, we have initiated the development of a confocal fluorescence
microscope capable of detection in the 400—960 nm range. The microscope uses an infrared
(IR) laser at 830 nm to stimulate electron traps and detects the resulting IRPL using two single-
photon avalanche diode (SPAD) detectors. Recombination centres are detected via their
characteristic emissions upon excitation with an ultraviolet (UV) laser. The setup is equipped
with a spectrometer, a heating—cooling stage, and lifetime measurement capabilities.

Here, we present preliminary measurements and the current configuration of the microscope.

Acknowledgements: This work is funded by ERC advanced grant project LUMIN (project
number 101097215)
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Sedimentary deposits are valuable archives of past environmental conditions and important
repositories of past human occupation. The study of sedimentary sequences typically
integrates several methods to define stratigraphic levels and establish chronologies. The main
methodological approaches to study these sequences generally involve the stratigraphic
characterization of different levels based on litho/biostratigraphic and geophysical methods,
combined with absolute dating techniques. However, the application of these methods can be
challenging when the sedimentary sequences form uniform packages due to homogeneous
sediment supply or post-depositional processes that mask existing subtle discontinuities. The
homogeneity of the material hinders stratigraphic analysis, making sampling and boundary
identification difficult. In thick and stratigraphically homogeneous sedimentary sequences
(HSS), establishing a robust chronology is challenging and requires considerable financial
resources and long periods of analysis. Examples of these HSS can be found along the
Portuguese coast, particularly in central and southern regions, resulting from multiple
episodes of aeolian sand accumulation. Several of these features overlie remnants of ancient
human occupation, indicating a possible relationship between dune development and past
human presence. For instance, the dunes of the Natural Park of the Vicentina Coast in the
South Portugal are rich in archaeological sites but lack datable organic materials. Despite their
potential significance, these features remain insufficiently studied, with undefined stratigraphic
sequences, uncertain chronology, and poorly understood formation mechanisms. This study
aims to establish the stratigraphy in a selected HSS, defining boundaries and infer units’
deposition rates, using the dunes of Vicentina Coast as a case study. The methodology
includes a semiquantitative luminescence protocol (IRSL, OSL and TL), applied to small
samples collected along a HSS vertical profile, where three stratigraphic units were observed
(different colours towards the top). The first results obtained for a profile of 12 samples, allow
us to infer that the discontinuities observed in apparent absorbed dose point to a sequence of
four distinct events with different rates of material accumulation. As future work, luminescence
dating of materials is considered, as well as the study of mineralogical and chemical
composition variations, especially in rare earth elements, as proxies for the provenance. The
compositional analyses will contribute to a better definition of the limits of each stratigraphic
unit now defined by luminescence dosimetry.
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On the quest for chronological precision: Exploring
Bayesian and Isotonic age-depth modelling with a high-
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E.L. Sellwood ", I. Bouafia 2, A. Philippe 2, and G. Guérin *

" Univ Rennes, CNRS, Géosciences Rennes, 35000 Rennes, France.
2 CNRS, Laboratoire de Math ’ematiques Jean Leray, F-44000 Nantes, France.

*Corresponding author; Email: elaine.sellwood@univ-rennes.fr

In this study we assess the performance of three age-depth models to calculate closely spaced
OSL ages constrained by stratigraphy, from the Middle Palaeolithic site of Chez-Pinaud (SW
France). This site presents alternating layers of Quina Mousterian lithics and large ungulate
bones, with sterile layers indicating periodic occupation ' - the frequency and duration of which
is currently unknown. We sampled a 40 x 40 x 40 cm section at ~1 cm vertical resolution for
single grain quartz OSL. We estimated similar ages with depth and aimed to build a robust
chronology while preserving the strict stratigraphic relation between samples.

BayLum 2 incorporates a Bayesian model that refines age estimates by integrating dating
measurements with stratigraphic information. However, this model relies on a uniform order
prior, which can introduce statistical artefacts, particularly when the true differences in ages
between samples are minimal but measurement uncertainties are substantial. This scenario
leads to an artificially widened duration of estimated ages.

Nicholls and Jones 3 proposed a correction where the duration is uniformly distributed over the
whole study period while retaining a strict order constraint. However, this correction is only
applicable when a strict chronological order can be confidently established (as we have here),
as it requires specifying both the assumed youngest and oldest samples within the sequence.
Moreover, the uniform order prior does not accommodate variable gaps between ages, which
can result in poor model fit in contexts with minimal age differences.

To address these challenges, methods such as isotonic regression ¢, particularly using the
Pool Adjacent Violators Algorithm (PAVA), may offer a promising alternative. This approach
seeks to optimize the fit of sample ages under stratigraphic constraints, even when
measurement errors introduce apparent violations of the expected order.

Our initial results suggest similar performances for the two Bayesian based models with a shift
in OSL ages to higher ages in response to the enforced order constraints. We see a good
performance for the Isotonic regression model, which allows more flexibility in the data (can
more easily account for scatter).

1. Airvaux, J. & Soressi, M. Nouvelles observations sur le Moustérien final du site paléolithique de
Chez-Pinaud & Jonzac (Charentes-Maritimes). ulletin Préhistoire du Sud-Ouest: Nouvelles Etudes;
Publication de I’Association Préhistoire Quercinoise 12, (2005).

2. Philippe, A., Guérin, G. & Kreutzer, S. BayLum - An R package for Bayesian analysis of OSL ages:
An introduction. Quaternary Geochronology 49, 16—24 (2019).

3. Nicholls, G. & Jones, M. Radiocarbon Dating with Temporal Order Constraints. Journal of the Royal
Statistical Society Series C: Applied Statistics 50, 503—-521 (2001).

4. Best, M. J. & Chakravarti, N. Active set algorithms for isotonic regression; A unifying framework.
Mathematical Programming 47, 425-439 (1990).
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Following the broad success of fluorides in dosimetry and optics, doped cryolites and cryolite-
structure materials are now examined for their optical properties, e.g. for warm-white and
deep-blue LEDs [1][2]. Atomic and electronic defect structures of these materials determine
their interaction with irradiation, crucial for optical applications. These have never been
described in cryolite (NasAlFs), the parental structure for this family of materials.

To address this issue, we use 28U-implantation and lifetime photoluminescence to examine
the defect structures of natural cryolite. Untreated, implanted and UV-irradiated materials are
compared in terms of emission spectra and luminescence lifetimes.

Untreated cryolite has two blue luminescence bands, ~2.85 and ~2.61eV. On 28U-
implantation, cryolite’s surface is macroscopically coloured orange. New green luminescence
at ~2.33 eV appears, and the relative intensity of dark blue ~2.85 eV luminescence increases.
UV irradiation causes halfway decrease of dark blue emission, minor decrease of pale blue
emission and 30-50% increase of the green emission. All luminescence lifetimes increase on
implantation, but still remain in nanoseconds range.

These results demonstrate that a new defect, presumably vacancy-related, is introduced by
particle and UV irradiation and produces the green luminescence. Another defect, presumably
electronic, is enhanced by particle irradiation, but removed by UV irradiation. The green
luminescence centre at ~2.33 eV is interpreted as F-centre localised on fluorine vacancy. The
blue luminescence centres are interpreted as electron-hole pairs, localised at the AlFs
octahedron normal lattice sites for ~2.85 eV and octahedral defect sites for ~2.61 eV.

[1] Guo et al. (2022) Science Advances 8(50):2148
[2] Sakaguchi et al. (2023) Journal of Luminescence 254:119533
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Megalithic structures such as cairns and dolmens, built during prehistoric times, are
widespread across Europe'. Their construction likely required remarkable levels of
organization and substantial resources. Many of these monuments appear to have undergone
multiple phases of construction and were reused over extended periods. Despite their clear
cultural significance in prehistory, the precise timing of their initial construction remains
uncertain2. Radiocarbon dating of associated organic material has traditionally been used to
estimate construction dates, but these ages often reflect periods of use or reuse rather than
the original time of construction34. Rock Surface Luminescence Dating (RSLD), however,
offers the potential to directly date the time of construction.

The cairn of Goasseac’h, located in central Brittany, France, is a remarkable Neolithic funerary
monument. Measuring ~110 m in length and 10-15 m in width, it contains ~15 individual burial
chambers, making it one of the largest known Neolithic cairns in Europes. In 2022 and 2023,
we sampled 20 rocks and 13 sediment samples for luminescence dating to establish a reliable
chronological framework for its construction. Unfortunately, the entire structure is made up of
greywacke sandstone, a rock type previously shown to have a high light attenuation
coefficient, i.e., its luminescence signal resets very slowly with light exposures.

We measured 25 luminescence depth-profiles from Goasseac’h rocks using both the blue(125
°C), IR(50 °C), pIRIR(50 °C,180 °C), and pIRIR(50 °C,225 °C) stimulated luminescence
signals. However, none of the profiles were suitable for burial RSLD. Therefore, we focus on
the optically stimulated luminescence signals of quartz extracted from sediment samples
mainly collected beneath various parts of the stone structure and from original anthropogenic
backfill. OSL measurements were performed using both multi-grain and single-grain
techniques. The single-grain OSL distributions exhibit over-dispersion (OD) values ranging
from 291+3% to 1001£9%, possibly implying the necessity of applying complex statistical
modelling to most distributions. Only one single-grain dose distribution had an OD value
<30%. Several other single-grain dose distributions showed a significant low dose component
(< 1 Gy), likely caused by bioturbation, while others appear to suffer from both incomplete
bleaching and bioturbation. Minimum age modelling is used to identify and exclude bioturbated
grains, and subsequently to isolate those likely to have been well-bleached at burial. We
compare our preferred single-grain dose estimates with standard multi-grain results and find
that, in 6 out of 9 cases, the ages are indistinguishable.

1. Darvill (2010). Journal of Neolithic Archaeology, 12(2)

2. Bueno et al. (2016). Archaeopress Archaeology

3. Cousseau (2023). Archaeopress Archaeology

4. Paulsson (2019). PNAS 116(9):3460—3465

5. Cousseau et al. (2020). Antiquity 2020 Vol. 94 (378): €31, 1-8
6. Ou et al. (2018). Radiation Measurements 120, 305-311
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Quartz contains various defects, intrinsic (mainly O related defects) or due to impurities (such
as Al, Ti, or Ge related defects). Some of these defects remain unchanged under ionizing
radiation exposure, while others are being transformed. Some of these defects are
paramagnetic (e.g. E’, an unpaired electron at an oxygen vacancy site (ZSi-), peroxy intrinsic
defect centres (£Si-O-0-), nonbridging oxygen NBOHC, (=Si—0-), Al related paramagnetic
defects such as Al-hole, [AIO,]°, titanium impurity defects such as [TiO,/M+]° where M+is a
cation, germanium defects ([GeO,]°, [GeO./ M] etc.) while others have the ability to emit light
upon stimulation and were identified and characterised by techniques such as
photoluminescence or cathodoluminescence (nonbridging oxygen, NBOHC, =Si—O-, oxygen
deficiency centre, ODC, =Si-Si= efc.).

Based on the dynamics of its radiation sensitive defects under irradiation, quartz can record
the amount of ionizing radiation it has been exposed to since a resetting event. As such, quartz
is successfully used for dating materials by thermoluminescence (TL) or optically stimulated
luminescence (OSL) as well as by electron spin paramagnetic (EPR).

In our current project we explore the potential of quartz as a provenance indicator by using
multi-spectroscopic investigations (TL, OSL, EPR as well as hyperspectral resolved
cathodoluminescence based on scanning electron microscopy) on quartz grains extracted
from independently dated old to young different quartz bearing rock types as well as their
derived sediments throughout the world.

Our hypothesis is that intrinsic defects in quartz have the capacity to carry genetic information
and can provide evidence for antiquity, at least in the absence of metamorphic or extreme
heating events (e.g. Timar-Gabor et al., 2023). Also, we demonstrate (Constantin et al., 2025)
that the OSL sensitisation by irradiation and light exposure results as an effect of the existence
of certain defects and impurities in the quartz crystal in the parent rock, such as titanium and
germanium. However, the degree of sensitisation reached in nature is significantly higher than
in the laboratory. As such, the existence of this precursor represents the potential for
sensitisation by irradiation and illumination. Sensitivity can later be amplified by other
environmental factors that remain to be identified.

1. Timar-Gabor, A., Kabacinska, Z.,Constantin, D., Dave, A., Buylert, J.P., 2023. Reconstructing dust
provenance from quartz optically stimulated luminescence (OSL) and electron spin resonance (ESR)
signals: Preliminary results on loess from around the world. Radiation Physics and Chemistry, 111138.
2. Constantin, D., Dave, A.K., Grecu, S., Kabacinska, Z., Antuzevics, A., Barla, A., Urdea. P., Ducea,
M.N., Timar-Gabor, A., 2025. Tracing quartz provenance: A multi-method investigation of
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luminescence sensitisation mechanisms of quartz from granite source rocks and derived sediments.
Chem. Geol. 683, 122774.

Acknowledgement: This research is funded by European Research Council ERC grant PROGRESS-
CoG “Reading provenance from ubiquitous quartz: understanding the changes occurring in its lattice
defects in its journey in time and space by physical methods”
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Point defects in quartz and their response to irradiation hold geological significance but are
not well understood. They can be analysed using methods like optically stimulated
luminescence (OSL), electron spin resonance (ESR), and scanning electron microscopy with
cathodoluminescence (SEM-CL). This study examines point defects in a granite sample (~1.4
Ga crystallisation age, ~20—23 Ma cooling age) from the Catalina Metamorphic Core Complex,
southwestern USA, part of a Proterozoic anorogenic granitic province.

Defects analysed include intrinsic ones (e.g., O-vacancies, Si vacancies, and nonbridging
oxygen centres) and impurity-related defects (e.g., [AlO,]° and [TiO./M*]°). ESR identified E',
peroxy, Al-, and Ti-related defects. The Al-hole centre increased exponentially with dose up to
40,000 Gy, while the Ti-electron centre showed a nonmonotonic trend, peaking at 10,000 Gy
and then decreasing, consistent with Benzid and Timar-Gabor (2020). Oxygen-related defects
were weak and generally dose-independent. OSL decay was dominated by a fast component,
and SEM-CL showed strong blue emissions (~450 nm) and weak red emissions (~650 nm,
related to NBOHC), confirming Ti-related defect dominance.

One can explain the features of luminescence and ESR signal in quartz, especially their
dependence on the irradiation dose, by modelling the charge transport processes during its
exposure to high-energy radiation or light. So far, models based on the band theory used in
simulations of the luminescence in quartz (e. g. Bailey, 2001) have not considered that, next
to electrons, ions also carry the charge in this material. lonic conduction in quartz is primarily
related to interstitial light metal cations M*. These ions provide a charge balance in the lattice
disturbed by substituting a silicon atom with an aluminium atom at the crystallisation stage.
Radiation generates free electrons and holes, causing local potential changes that induce
cation transport in the crystal. lonic conduction in quartz requires, therefore, considering, in
the modelling, both electronic transitions and changes in the state of ions from bound to free
and vice versa. A kinetic model was developed with differential equations describing M*-
binding centres (Al and Ti), electronic states, and free electron and ion concentrations.

1. Benzid, K., Timar-Gabor, A., 2020. Phenomenological model of aluminium-hole ([AlO./h*]°) defect
formation in sedimentary quartz upon room temperature irradiation: electron spin resonance (ESR)
study, Radiation Measurements, 130, 106187.
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2. Bailey, R. M., 2001. Towards a General Kinetic Model for Optically and Thermally Stimulated
Luminescence of Quartz. Radiation Measurements 33: 17-45.

Acknowledgement: This research is funded by European Research Council ERC grant PROGRESS-
CoG “Reading provenance from ubiquitous quartz: understanding the changes occurring in its lattice
defects in its journey in time and space by physical methods”.
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Palaeoearthquakes in northern Germany are often linked to the reactivation of intraplate faults
triggered by glacial isostatic adjustment (GIA). However, beyond sparse historical records, the
timing and recurrence of such fault activity remain poorly constrained. To better establish the
chronology of neotectonic movements in the region, we apply optically stimulated
luminescence (OSL) dating to lacustrine and fluvial sediments from small fault-bounded
basins near Lehringen, Lower Saxony, within the Aller Valley Fault System. These sediments
also represent an important Eemian and post-Eemian archaeological archive. Integrating
geophysical surveys, including ground-penetrating radar and shear-wave seismics, combined
with borehole data, we reveal two distinct phases of subsidence and sediment accumulation.
Five samples were collected from a 7-metre core to constrain the depositional history and
associated fault activity. We employ both quartz OSL and feldspar post-IR IRSL dating for
sand and silt-sized samples. These results provide new chronological insights into the episodic
neotectonic activity of the Aller Valley Fault System and its broader implications for regional
seismic hazard assessment.
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The reproducibility of luminescence measurements partly depends on the uniformity and
consistency of thermal treatment during heating. Temperature lag is a well-documented and
important aspect in luminescence analysis (e.g. Kitis et al. 2015), but the uniformity of heating
across the surface that is in contact with the sample is also an important consideration. This
is particularly the case for single grain or spatially-resolved luminescence signals since many
luminescence characteristics are temperature sensitive, such as signal intensity (e.g. Duller
and Wintle 1991), anomalous fading (Murray et al. 2009), and kinetic parameters (e.g. Schmidt
et al. 2018).

In this study, thermal imaging of a hotplate, steel cup and aluminium single grain disc is
performed during heating in a Risg TL/OSL Reader. Imaging of the black-body emission used
an Electron-Multiplying Charge Coupled Device (EMCCD) housed on a DASH head (Kook et
al. 2015). Calibration factors were generated to relate thermal radiation intensity to the
temperature recorded by the reader, allowing the estimation of spatially-resolved temperature
distributions across each material.

The temperature profile across the hotplate recorded with the EMCCD is similar to that
measured by Betts et al. (1993) using thermocouples attached to another type of hotplate.
Data are presented for the difference in temperature across the hotplate, a steel cup and an
aluminium single grain disc, and the potential implications of these results for luminescence
research are discussed.

1. Betts, D.S., Couturier, L., Khayrat, A.H., Luff, B.J. and Townsend, P.D., 1993. Temperature distribution
in thermoluminescence experiments. |: Experimental results. J. Phys D Appl. Phys 26: 843-848.

2. Duller, G.A. and Wintle, A.G., 1991. On infrared stimulated luminescence at elevated temperatures.
Int. J. Rad. Appl. Instrum. D 18: 379-384.

3. Kitis, G., Kiyak, N.G. and Polymeris, G.S., 2015. Temperature lags of luminescence measurements
in a commercial luminescence reader. Nucl. Instrum. Methods Phys Res. B 359: 60-63.
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