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Editorial

Christoph Schmidt∗

Institute of Earth Surface Dynamics, University of Lausanne, Quartier UNIL-Mouline,
Bâtiment Géopolis, 1015 Lausanne, Switzerland

∗Corresponding Author: christoph.schmidt@unil.ch

Recently, the editing and production of Ancient TL tran-
sitioned from Greenville, North Carolina, USA, to Lausanne,
Switzerland. I would like to take this opportunity to extend
my sincere gratitude to all the previous Editors for their in-
valuable work and dedication over the years, which has been
essential to the success of our community. As the new Ed-
itor of Ancient TL, I am delighted to announce a series of
changes designed to enhance the journal’s visibility, acces-
sibility, and relevance within the luminescence and ESR re-
search community. These changes, detailed below, will take
effect from 1 January 2025.

To support these advancements, I am pleased to introduce
a new Editorial Board, comprised of experts from around the
world, reflecting diversity in terms of geographical affilia-
tion, career stages, and gender (Figs. 1 and 2). This team
will play a crucial role in guiding the journal’s strategic di-
rection and maintaining the quality standards of Ancient TL.
We are also grateful for the continued support of the new
Advisory Board, which includes former Editors and the head
of the steering committee of the International Luminescence
and Electron Spin Resonance Dating Association (ILEDA).
Their experience will be instrumental in navigating complex
editorial matters and ensuring adherence to the highest ethi-
cal standards.

Ancient TL has a longstanding tradition of publishing pa-
pers of practical relevance for luminescence and ESR dating
techniques. To reflect the progression of our field, we are
broadening the journal’s scope to encompass a wider range
of topics. This includes all methods for quantifying environ-
mental dose rates, software and code for data processing, and
applications of luminescence and ESR beyond dating, such
as determining rates of geological processes, rock thermal
histories, provenance, or for characterisation purposes. We
also welcome contributions on interlaboratory comparisons,
standardisation procedures, failed experiments and observa-
tions that are yet difficult to explain. We believe that publish-
ing those results fills a gap left by other journals and stimu-
lates discussion in the community.

Furthermore, we recognise the importance of an objective
and thorough peer-review process. To this end, we are mov-

ing to a single-blind review system where authors are asked
to suggest potential reviewers from our new Editorial Board
or also from the broader research community, depending on
the topic’s requirements. While the final selection of review-
ers rests with the handling editor, this adapted system ensures
a fair and rigorous evaluation of the submitted works.

We are also introducing refined article formats to cater to
the diverse needs of our authors. These include:

• Research Article (up to 10,000 words, 2 peer-reviews)

• Short Communication (up to 4,000 words, 1 peer-
review)

• Spotlight review (invited, up to 5,000 words, 1 peer-
review)

• Letter to the Editor, including comments on previous
papers published in Ancient TL (1 peer-review)

• Thesis Abstract

• Corrigendum

This range of formats provides authors with more flexible
options for presenting their research findings and engaging
in scholarly dialogue.

In line with the growing emphasis on open science, An-
cient TL will continue to publish diamond open access,
henceforth using the SOAP2 platform which is based on
Open Journal Systems. This platform offers a comprehen-
sive editorial workflow and promotes transparency and effi-
ciency throughout the publication process. With the transi-
tion to SOAP2, all Ancient TL articles, including past pub-
lications, will be assigned a Digital Object Identifier (DOI)
and registered with CrossRef. The journal policies on pub-
lication ethics, data availability, and conflict of interest have
been updated to ensure the integrity and credibility of the re-
search published in Ancient TL.

We are confident that these changes will attract a
wider range of submissions, including from early-career
researchers, foster greater discussion within the research
community and enhance the visibility and impact of the
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Figure 1. Affiliation of the new Editorial Board members.
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Figure 2. Gender and career stage representation as well as geographic affiliation of the new Editorial Board members. Early Career Scientists
are defined as those who received their highest academic degree within the last seven years.

research published in Ancient TL. We encourage you to
explore the new website and submit your latest research to
Ancient TL.

The Editorial Team of Ancient TL
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Abstract

A new granite-doped concrete block with 60 cm
× 60 cm × 60 cm dimensions has been built
at CENIEH, Burgos, Spain, for dosimetry
calibration and cross-referencing purposes.
Independent evaluations of the block’s gamma
dose rate using passive Al2O3:C dosime-
ters and various field gamma spectrometer
(NaI) probes produce consistent results of
1 495± 51 µGy a-1 and 1 514± 43 µGy a-1 (or
1 537± 19 µGy a-1, depending on the evalua-
tion procedure employed), respectively. Bulk
radioelement concentrations calculated from
field gamma spectrometry using the Windows

method are as follows: K = 1.58± 0.08 %, U
= 4.26± 0.28 ppm, and Th = 12.62± 0.72 ppm.
This new block complements existing dosimetry
reference materials accessible at other labora-
tories and is available for the broader trapped
charge dating community to use for instrument
calibration, reproducibility assessments and
intercomparison studies.

Keywords: Granite-doped concrete block,
Calibration, In-situ dosimetry, Field gamma
spectrometry, Scintillation detectors, NaI
probe, ESR dating, Luminescence dating
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1. Introduction

The in situ evaluation of natural radioactivity is a cru-
cial component of trapped charge dating methods such as
Electron Spin Resonance (ESR) and Luminescence (includ-
ing Optically Stimulated Luminescence [OSL], Infrared and
Post-Infrared Infrared Stimulated Luminescence [IRSL, pIR-
IRSL], Infrared Radiofluorescence [IR-RF] and Thermolumi-
nescence [TL]). This is particularly important in heteroge-
neous sedimentary environments where it can be difficult to
reliably evaluate spatially averaged gamma dose rates from
laboratory analyses of discrete sediment samples alone. Pas-
sive dosimeters (e.g., OSL or TL dosimeters) or portable
gamma-ray spectrometers (mostly NaI or LaBr probes) are
usually employed for this purpose. The calibration of the
latter is typically performed using reference blocks (e.g.,
Rhodes & Schwenninger, 2007; Martin, 2015), pads (e.g.,
Grasty & Minty, 1990), or rocks (e.g., Miallier et al., 2009)
of known radioelement concentrations or gamma dose rates.
While the Oxford blocks are arguably the most widely used,
or at least historically significant, within the community
(Bowman, 1976; Murray et al., 1978; Murray, 1981; Stokes,
1994; Rhodes & Schwenninger, 2007; Mercier & Falguères,
2007; Arnold et al., 2012; Duval & Arnold, 2013), other
suitable reference blocks exist at various luminescence dat-
ing laboratories, including the Scottish Universities Environ-
mental Research Centre (SUERC, UK) Martin (2015), the
University of Bordeaux (France) (Richter et al., 2010), the
University of Clermont Auvergne (France) (Miallier et al.,
2009), and the Geological Survey of Israel (Porat & Halicz,
1996), amongst others. To complement these existing refer-
ence materials, the construction of a new granite-doped con-
crete block was initiated by one of our team members (G. I.
L.) in October 2019 at the National Research Centre on Hu-
man Evolution (CENIEH) in Burgos, Spain, for dosimetric
calibration purposes. Here, we provide some basic informa-
tion about this new reference block, including the results of
various characterisation measurements made using different
methods and intercomparison studies undertaken by different
research groups.

Figure 1: Picture of the Porriño granite, before (A) and after
(B) crushing.

2. 2. The CENIEH reference block

In 2018, the pavement of Burgos city’s main square (the
Plaza Mayor) was changed to granite slabs extracted from
the quarries of Porriño, Pontevedra, Spain. Commercially
known as ‘Rosa Porriño’ (Fig. 1), this coarse-grained,
phaneritic and polychromatic biotite granite, especially pop-
ular for its pinkish tone, has been widely used both nation-
ally and internationally as an ornamental stone. It is mostly
composed of quartz, potassium feldspars, plagioclase and bi-
otite, while accessory minerals include chlorite, epidote and
sericite (see detailed description in Grossi et al., 2007). The
age of the granite has been constrained by U-Pb dating of se-
lected zircons, providing an age range of 290–295 Ma, i.e.,
consistent with previous estimates (see Gonzalez Menéndez
et al., 2017, and references therein).

In June and October 2018, the Municipality of Burgos
(through the company Construcciones Ortega S.A.) donated
G. I. L. a total of ten slabs of Pink Porriño granite weighing
about 350 kg, which were initially sliced and then crushed
to sand/gravel size (Figs. 1, A1 and A2). The construc-
tion of the block was performed on-site on 22 October 2019
using a 65 cm × 65 cm × 65 cm wooden formwork, in-
ternally coated with 5 cm-thick styrofoam slabs, and posi-
tioned onto a wooden pallet to avoid contact with the ground
(Fig. A3). Cement (∼125 kg), clean (washed) sand aggre-
gate (∼100 kg), crushed Porriño granite (∼350 kg) and water
were mixed using a clean concrete mixer. Given the limited
size of the latter, two mixtures (A and B, see Fig. A4) us-
ing the same proportion of each component were prepared
and the formwork was filled in four successive phases. The
mixture was carefully poured into the formwork by hand, us-
ing a shovel, avoiding splashes, smearing the mixture with
a trowel, avoiding bubbles and cavities. No vibration was
applied. In order to evaluate the gamma dose rate and its
variability across the doped block, five sub-samples of the
cement-doped mixture were taken at four different stages
(heights) of infilling (as described in Fig. A4), for a total of
20 dose rate control samples covering the entire cube (from
edges to centre).
The final dimensions of the cubic block are 60 cm × 60 cm
× 60 cm, with a horizontal 28 cm-deep cavity in its centre,
constructed by inserting a 8.5 cm-diameter PVC tube (gauge:
1 mm thick) during the infilling of the cement-doped mix-
ture. This tube serves as a cavity to accommodate cylindrical
gamma spectrometer probes containing up to 3” × 3” diam-
eter crystals (Fig. 2). The cylindrical hole does not extend
all the way through the block, i.e., unlike the Oxford blocks.
Additional details and pictures about the construction may
be found in the Appendix.

3. Dose rate evaluation

A combination of various independent techniques has
been employed to evaluate the gamma dose rate of the block,
as detailed in the following sections.
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Figure 2: Picture and schematic view of the granite-doped
concrete block at CENIEH, Spain.

3.1. ICP-MS/OES analysis of block sub-samples

A total of 20 samples of 15–20 g each, was collected in
four successive stages during the infilling of the doped-block
as described above. Consequently, each set of five samples
corresponds to a given height in the cube: 12 cm (samples
1–5), 22 cm (6–10), 32 cm (11–15) and 50 cm (16–20). The
wet samples were air-dried in the same conditions (i.e., in
the CENIEH’s second basement) and for as long as the block
(1 month). Then, each dry sample was finely powdered to
<1 µm using a Retsch Planetary Ball Mill PM-100 to en-
sure homogenisation. Radioelement concentrations were ob-
tained by Inductively Coupled Plasma (ICP) Mass Spectrom-
etry (U and Th) and ICP Optical (Atomic) Emission Spec-
trometry (K), following a 4-acid digestion procedure includ-
ing hydrofluoric, nitric, perchloric and hydrochloric acids in
teflon tubes. Analyses were performed by Genalysis Labo-
ratory Services at Maddington (Perth, Australia). Individual
samples were also collected from the main constituents of
the block (i.e., Porriño granite, cement and sand) for com-
parison.

3.2. Al2O3:C dosimeters

One OSL dosimeter composed of two Al2O3:C thin chips
positioned at the end of a 30 cm-long aluminium tube was
left in the central hole of the block (touching the lower side
of the hole) for 289 days (∼9.6 months). The reading of the
chips was performed at the University of Bordeaux, France,
following a procedure similar to Kreutzer et al. (2018). An
effective gamma dose rate was obtained after (i) removing
a minor cosmic dose rate contribution, which was estimated
to 21± 2 µGy a-1 (using Prescott & Hutton, 1994) given the
location of the block in the basement of the building, two
floors below ground level, and (ii) considering the gamma-
ray attenuation induced by the aluminium tube that housed
the OSL dosimeters (correction factor of 1.07± 0.01).

3.3. Portable gamma spectrometry probes
A series of 4π-measurements (n = 46) have been car-

ried out in the block between 2019 and 2024 using different
gamma spectrometer probes belonging to various institutions
/research laboratories:

• Probe #1: 2” × 2” NaI(Tl) gamma spectrometer probe
connected to a Canberra Inspector-1000 multichannel
analyser (CENIEH, Spain).

• Probes #2 and #3: 2” × 2” NaI(Tl) gamma spectrome-
ter probes connected to a Mirion-Canberra Osprey-PKG
multichannel analyser (CENIEH, Spain).

• Probe #4: 2” × 2” NaI(Tl) gamma spectrometer probe
connected to a Canberra Inspector-1000 multichannel
analyser (Griffith University, Australia).

• Probes #5 and #6: two separate 2” × 2” NaI(Tl) gamma
spectrometer probes connected to Canberra Inspector-
1000 multichannel analysers (University of Adelaide,
Australia).

All of these probes had been previously calibrated with the
Oxford blocks (Rhodes & Schwenninger, 2007) and were
used to calculate the CENIEH block gamma dose rate us-
ing either the Threshold method (probes #1–4) or Windows
method (probes #5–6), following the procedures described
in Duval & Arnold (2013) and Arnold et al. (2012), respec-
tively. Additionally, the Matlab-based OxGamma program
(Kumar et al., 2022) was employed in parallel for selected
spectra (probes #1 to #4) to determine the block gamma dose
rate via the Threshold approach, in order to evaluate any po-
tential bias related to the specific evaluation procedure used.

4. Results and discussion
4.1. ICP-MS/OES analysis of block samples

ICP-MS/OES analytical results show significant variabil-
ity in radioelement concentrations (relative standard devia-
tions between 27 % and 44 %), with U, Th and K ranging
from 3.42–7.39 ppm, 7.15–28.1 ppm and 1.11–3.59 %, re-
spectively (Table 1). The U and K values are within the range
of radioelement concentrations measured from the main in-
dividual components of the block, i.e., the pure granite, sand
aggregate and cement samples. In contrast, many samples
from the block show a significantly higher Th concentration
(17 ppm on average) than in the reference samples, which
have values of 10.5 ppm (granite) to 15 ppm (cement) (Ta-
ble 1). This unexpected outcome might result from the het-
erogeneity of the rock, suggesting that Th-bearing minerals
may be noticeably underrepresented in the single sample of
the Porriño granite analysed by ICP. This may also explain
why the individual sample from the cement returned higher
Th concentration than the granite.
Using the dose rate conversion factors from Guérin et al.
(2011) and assuming infinite matrix conditions and a
water content of 0 %, a mean gamma dose rate of

5
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Table 1: Radioelement concentrations measured by ICP-MS/OES. Uncertainties are shown at 1σ . Samples 1–10 and 11–20
were collected from mixtures A and B, respectively. Samples 1–5, 6–10, 11–15 and 16–20 correspond to different phases of
infill (see further details in Appendix A4).

Sample Height [cm]1 U [ppm] Th [ppm] K [%]

LM-19276-01-1 12 6.22 ± 0.16 25.31 ± 1.02 3.42 ± 0.10
LM-19276-01-2 12 6.41 ± 0.16 27.20 ± 1.09 3.52 ± 0.11
LM-19276-01-3 12 7.39 ± 0.19 27.63 ± 1.11 3.46 ± 0.10
LM-19276-01-4 12 5.73 ± 0.15 23.59 ± 0.95 3.49 ± 0.10
LM-19276-01-5 12 5.59 ± 0.14 22.53 ± 0.91 3.59 ± 0.11
LM-19276-01-6 22 6.94 ± 0.18 28.10 ± 1.13 3.17 ± 0.09
LM-19276-01-7 22 5.77 ± 0.15 21.76 ± 0.88 3.30 ± 0.10
LM-19276-01-8 22 5.65 ± 0.14 20.54 ± 0.83 3.05 ± 0.09
LM-19276-01-9 22 6.14 ± 0.16 22.70 ± 0.91 3.29 ± 0.10
LM-19276-01-10 22 6.34 ± 0.16 22.15 ± 0.89 3.09 ± 0.09
LM-19276-01-11 32 4.22 ± 0.11 11.65 ± 0.47 1.75 ± 0.05
LM-19276-01-12 32 3.81 ± 0.10 12.77 ± 0.51 1.57 ± 0.05
LM-19276-01-13 32 3.90 ± 0.10 13.69 ± 0.55 1.67 ± 0.05
LM-19276-01-14 32 3.84 ± 0.10 10.32 ± 0.42 1.73 ± 0.05
LM-19276-01-15 32 4.28 ± 0.11 16.21 ± 0.65 1.64 ± 0.05
LM-19276-01-16 50 3.95 ± 0.10 9.40 ± 0.38 1.19 ± 0.04
LM-19276-01-17 50 3.42 ± 0.09 7.15 ± 0.29 1.12 ± 0.03
LM-19276-01-172 50 3.46 ± 0.09 7.33 ± 0.30 1.12 ± 0.03
LM-19276-01-18 50 3.85 ± 0.10 10.61 ± 0.43 1.16 ± 0.03
LM-19276-01-19 50 3.53 ± 0.09 7.68 ± 0.31 1.11 ± 0.03
LM-19276-01-20 50 3.44 ± 0.09 9.02 ± 0.36 1.23 ± 0.04

Mean ± 1 std. dev. (%) 12–50 4.95 ± 1.32 (26.7 %) 17.02 ± 7.48 (44.0 %) 2.32 ± 1.02 (44.1 %)
Min 12–50 3.42 ± 0.09 7.15 ± 0.29 1.11 ± 0.03
Max 12–50 7.39 ± 0.19 28.10 ± 1.13 3.59 ± 0.11
Mean ± 1 std. dev. (%) 12 3.49 ± 0.07 (1.9 %) 25.25 ± 2.21 (8.8 %) 6.27 ± 0.71 (11.4 %)
Mean ± 1 std. dev. (%) 22 3.18 ± 0.11 (3.6 %) 23.05 ± 2.93 (12.7 %) 6.17 ± 0.51 (8.3 %)
Mean ± 1 std. dev. (%) 32 1.67 ± 0.07 (4.2 %) 12.93 ± 2.23 (17.2 %) 4.01 ± 0.22 (5.5 %)
Mean ± 1 std. dev. (%) 50 1.15 ± 0.05 (4.4 %) 8.36 ± 1.46 (17.4 %) 3.54 ± 0.18 (5.0 %)

Main constituents

Porriño granite 11.63 ± 0.30 10.52 ± 0.30 2.83 ± 0.08
Sandy aggregate 2.46 ± 0.06 2.15 ± 0.06 0.30 ± 0.01
Cement 1.72 ± 0.04 15.09 ± 0.04 2.72 ± 0.08

1 Height corresponds to the approximated vertical distance (in cm) from the bottom of the cube.
2 Note that two sub-samples of sample 17 were collected. The two subsamples return similar radioelement concentrations (within error).

1 926± 463 µGy a-1 may be tentatively calculated for the
whole block from the mean radioelement concentrations (Ta-
ble 1). This value should however be treated with extreme
caution, as it is unlikely to provide a reliable estimate of
the true gamma dose rate given the significant variability ob-
served between the 20 sub-samples from the block (Table 1).
We presently suspect that this variability may mostly be due
to the relative inhomogeneity in the mixing of the various
components of the block (see also Bowman, 1976; Murray,
1981, for further information on that specific matter), result-
ing in the spatial heterogeneity of radioelement distribution.
Interestingly, this hypothesis is supported by the ICP results
from each set of samples collected at increasing height in the
block: they show a significant vertical gradient in radioele-

ment concentrations, with lower values towards the top of
the block (U: 3.5 ppm to 1.2 ppm; Th: 25.3 ppm to 8.4 ppm;
K: 6.3 % to 3.5 %; Table 1). Moreover, within a given set
of samples (i.e., corresponding to a given height), radioele-
ment concentrations also show a non-negligible variability
(1 relative standard deviation) of 1.9–4.4 %, 8.8–17.4 % and
5.0–11.4 % for U, Th and K, respectively (Table 1). Con-
sequently, the block shows an overall (vertical and horizon-
tal) inhomogeneity. Despite our best efforts to ensure a rel-
ative homogeneous mixing, empirical data indicate that this
was not achieved (see also how the two mixtures A and B
compare in terms of radioelement concentrations, i.e., sam-
ples 1–10 vs. 11–20 in Table 1). We do acknowledge that
our precautions were probably not as thorough as those em-

6
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ployed for the construction of the Oxford Blocks (Bowman,
1976; Murray et al., 1978; Murray, 1981), and we would
welcome any feedback, perhaps resulting from similar ex-
periences, from the LED community on this matter.

Figure 3: Graphical overview of the gamma dose rate mea-
sured for the granite-doped block with NaI(Tl) probes #1 to
#6. Numerical values may be found in Table 2. The horizon-
tal solid and short dash lines represent the value and associ-
ated 1σ uncertainties obtained from the Al2O3:C dosimeters
(1 495± 51 µGy a-1).

Table 2 (next page): Overview of the granite block gamma
dose rate values measured over a five-year period with vari-
ous NaI(Tl) gamma spectrometer probes. Gamma dose rate
values have been calculated with the Threshold method fol-
lowing two different procedures: (i) Arnold et al. (2012) and
Duval & Arnold (2013), and (ii) OxGamma (Kumar et al.,
2022). The gamma dose rate ratios (FGS/dosimeter) were
obtained by comparing the field gamma spectrometer (FGS)
dose rates with the independent values obtained using the
Al2O3:C dosimeters (1 495± 51 µGy a-1). Note that a mi-
nor internal gamma dose rate contribution from the NaI(Tl)
probe itself (∼10 µGy a-1, corresponding to <0.1 % of the
measured gamma dose rate) was subtracted from all values
derived using the procedure of Duval & Arnold (2013), un-
like for the OxGamma results. Uncertainties are shown at
1σ . Key: n.c. = not calculated.

4.2. Al2O3:C dosimeters
A mean effective gamma dose rate of 1 495± 51 µGy a-1

was obtained from the two Al2O3:C chips. The relative as-
sociated error (3.4 %) includes the calibration source error
(2.9 %), and its magnitude illustrates the limited dose vari-
ability among the chips, which returned consistent values
differing by <2 %.

4.3. Portable gamma spectrometry
All measurements made using the six different gamma

spectrometer probes return consistent values (within ± 2.8 %
on average), regardless of the probe employed (Tables
2–3; Fig. 3). A mean Threshold-based gamma dose rate
of 1 514± 43 µGy a-1 (1 s.d.) can be calculated from all
measurements (n = 44) made with probes #1 to #4. Each
probe shows relatively high measurement repeatability, with
a relative standard deviation of <4 % in the gamma dose rate
values (probe #1 = 2.0 % [n = 20]; probe #2 = 2.3 % [n = 7];
probe #3 = 2.5 % [n = 9]; probe #4: 2.7 % [n = 8]). These
values likely reflect the inherent precision of the gamma
spectrometers used in this study, and are consistent with the
reproducibility uncertainty (2.1 %) previously estimated by
Arnold et al. (2012) for a similar gamma spectrometer. The
mean Threshold-based gamma dose rate values obtained for
each probe are in close agreement at 1σ : 1 527± 31 µGy a-1

(#1), 1 531± 35 µGy a-1 (#2), 1 519± 38 µGy a-1 (#3),
1 459± 39 µGy a-1 (#4). The slightly lower mean value
obtained for probe #4 is especially impacted by a single low
outlying measurement (2308GU, Table 2), given the small
size of the data set (n = 8). An average gamma dose rate of
1 468± 31 µGy a-1 may be calculated instead for this probe
when excluding this measurement (Table 2), which is in
closer agreement with the results obtained from the other
probes.

The Threshold-based gamma dose rates obtained using
OxGamma are consistent with (i.e., within error of) those
calculated using the procedures described in Duval & Arnold
(2013) for all probe measurements. The corresponding re-
sults differ by 1–4 % on average for a given probe (Table
2), by about 1.5 % when considering all measurements
(n = 44), and the individual deviation observed for each
spectrum is consistently <5 % (with three exceptions). The
differences observed partly originate from the subtraction
of the gamma dose rate contribution from the NaI(Tl)
probe itself (∼10 µGy a-1, corresponding to <0.1 % of the
measured gamma dose rate), which is not considered by
OxGamma, unlike Duval & Arnold (2013). When including
this component in both evaluation procedures, the relative
difference drops from 1.5 % to <1 % on average when
considering all measurements (Table 2). Finally, it can be
observed from Table 2 that OxGamma offers an overall
higher measurement repeatability, with gamma dose rate
values showing slightly lower variability, and hence higher
consistency, for a given probe (probe #1 = 1.3 vs. 2.0 %
[n = 20]; probe #2 = 0.8 vs. 2.3 % [n = 7]; probe #3 =
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Duval and Arnold (2013) OxGamma

Date Probe Spectrum Gamma dose Gamma dose rate Gamma dose Gamma dose rate
ID rate [µGy a-1] ratio (FGS/dosimeter) rate [µGy a-1] ratio (FGS/dosimeter)

Nov-19 #1 1965N 1 505 ± 74 1.01 1 567 ± 78 1.05
Dec-19 #1 1972N 1 519 ± 75 1.02 1 563 ± 78 1.05
Feb-20 #1 2010N 1 579 ± 77 1.06 1 566 ± 78 1.05
Mar-20 #1 2012N 1 561 ± 77 1.04 1 566 ± 78 1.05
May-20 #1 2013N 1 494 ± 73 1.00 1 557 ± 78 1.04
Jun-20 #1 2017N 1 534 ± 75 1.03 1 559 ± 78 1.04
Jul-20 #1 2019N 1 551 ± 76 1.04 1 577 ± 79 1.05
Aug-20 #1 2021N 1 577 ± 77 1.05 1 562 ± 78 1.04
Sep-20 #1 2023N 1 572 ± 77 1.05 1 577 ± 79 1.06
Oct-20 #1 2025N 1 536 ± 75 1.03 1 542 ± 77 1.03
Nov-20 #1 2027N 1 509 ± 74 1.01 1 534 ± 77 1.03
Dec-20 #1 2028N 1 464 ± 72 0.98 1 526 ± 76 1.02
Jan-21 #1 2102N 1 523 ± 75 1.02 1 528 ± 76 1.02
Feb-21 #1 2104N 1 559 ± 76 1.04 1 524 ± 76 1.02
Mar-21 #1 2105N 1 538 ± 75 1.03 1 524 ± 76 1.02
Apr-21 #1 2111N 1 506 ± 74 1.01 1 544 ± 77 1.03
May-21 #1 2118N 1 524 ± 75 1.02 1 529 ± 76 1.02
Aug-21 #1 2123N 1 501 ± 74 1.00 1 526 ± 76 1.02
Oct-21 #1 2132N 1 516 ± 74 1.01 1 522 ± 76 1.02
Nov-21 #1 2169N 1 480 ± 73 0.98 1 546 ± 77 1.03
Oct-22 #2 2212A 1 522 ± 79 1.02 1 519 ± 76 1.02
Jun-23 #2 2322A 1 519 ± 79 1.02 1 518 ± 76 1.02
Aug-23 #2 2326A 1 502 ± 78 1.00 1 517 ± 76 1.01
Aug-23 #2 2325A 1 497 ± 78 1.00 1 531 ± 77 1.02
Feb-24 #2 2413A 1 547 ± 80 1.03 1 545 ± 77 1.03
Jun-24 #2 2439A 1 602 ± 83 1.07 1 510 ± 76 1.01
Aug-24 #2 2449A 1 526 ± 79 1.02 1 524 ± 76 1.02
Sep-22 #3 2211B 1 556 ± 81 1.04 1 531 ± 77 1.02
Oct-22 #3 2212B 1 528 ± 80 1.02 1 525 ± 76 1.02
Jun-23 #3 2311B 1 535 ± 80 1.03 1 562 ± 78 1.04
Aug-23 #3 2314B 1 543 ± 81 1.03 1 540 ± 77 1.03
Aug-23 #3 2313B 1 482 ± 77 0.99 1 541 ± 77 1.03
Aug-23 #3 2315B 1 522 ± 79 1.02 1 539 ± 77 1.03
Feb-24 #3 2401B 1 522 ± 80 1.02 1 541 ± 77 1.03
Jun-24 #3 2408B 1 546 ± 81 1.03 1 521 ± 76 1.02
Aug-24 #3 2417B 1 433 ± 75 0.96 1 536 ± 77 1.03
Sep-21 #4 2115GU 1 486 ± 94 0.99 1 520 ± 76 1.01
Oct-21 #4 2120GU 1 424 ± 90 0.95 1 510 ± 76 1.00
Jul-22 #4 2224GU 1 441 ± 92 0.96 1 520 ± 76 1.01
Jul-22 #4 2225GU 1 449 ± 92 0.97 1 514 ± 76 1.00
Aug-23 #4 2308GU 1 393 ± 89 0.93 1 518 ± 76 1.00
Jul-24 #4 2401GU 1 512 ± 96 1.01 1 518 ± 77 1.00
Jul-24 #4 2402GU 1 476 ± 94 0.99 1 521 ± 76 1.01
Sep-24 #4 2409GU 1 488 ± 95 1.00 1 511 ± 76 1.00

Mean ± 1 std. dev. (%)

#1 1 527 ± 31 (2.0 %) 1.02 1 547 ± 20 (1.3 %) 1.03
#2 1 531 ± 35 (2.3 %) 1.02 1 523 ± 11 (0.8 %) 1.02
#3 1 519 ± 38 (2.5 %) 1.02 1 537 ± 12 (0.8 %) 1.03
#4 1 459 ± 39 (2.7 %) 0.98 1 517 ± 4 (0.3 %) 1.01
All 1 514 ± 43 (2.9 %) 1.02 1 537 ± 19 (1.2 %) 1.03

[1 524 ± 43]1

1 Average value including the minor internal component from the probe (10 µGy a-1), to facilitate a direct comparison with the corresponding OxGamma result.
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Table 3: Radioelement concentrations measured by field gamma spectrometry using the Windows method outlined in Arnold
et al. (2012). Gamma dose rates have been calculated using the dose rate conversion factors of Guérin et al. (2011) and a water
content of 0 %. No internal gamma dose rate contribution from the NaI(Tl) probe itself was considered here. The gamma dose
rate ratios (FGS/dosimeter) were obtained by comparing the field gamma spectrometer (FGS) dose rates with the independent
values obtained using the Al2O3:C dosimeters (1 495± 51 µGy a-1). Elemental concentration uncertainties and gamma dose
rate uncertainties are shown at 1σ .

Date Probe Spectrum U [ppm] Th [ppm] K [%] Gamma Gamma dose rate
dose rate [µGy a-1] ratio (FGS/dosimeter)

Jul-22 #5 2275a 4.30 ± 0.28 12.71 ± 0.73 1.56 ± 0.08 1 473 ± 51 0.99
Jul-24 #6 2420c 4.23 ± 0.28 12.53 ± 0.72 1.61 ± 0.09 1 467 ± 51 0.98

0.8 vs. 2.5 % [n = 9]; probe #4: = 0.3 vs. 2.7 % [n = 8]).
In summary, these results provide confidence that the two
independent evaluation procedures are directly comparable
and the resultant gamma dose rates are reproducible.

The gamma dose rate values calculated using the Win-
dows method (Arnold et al., 2012) for probes #5 and #6
(1 473± 51 µGy a-1 and 1 467± 51 µGy a-1, respectively; Ta-
ble 3) are not only consistent with each other (differing by
<1 %), but are also in agreement at 1σ with the various
Threshold-based gamma dose rate values obtained for probes
#1 to #4 obtained with either Duval & Arnold (2013)’s
procedure or OxGamma (Table 2). Moreover, the follow-
ing average radioelement concentrations and associated er-
rors may be calculated from these two independent mea-
surements: K = 1.58± 0.08 %, U = 4.26± 0.28 ppm, Th
= 12.62± 0.72 ppm. Unlike the average radioelement con-
centrations derived from ICP analyses of block sub-samples
(section 4.1), these results may be regarded as reliable spa-
tially averaged estimates of the bulk radioelement concentra-
tions when performing dosimetry evaluations in the central
hole of the block. To sum up, independent dosimetry assess-
ments made using different gamma probes and data evalua-
tion procedures (Threshold vs. Windows; Duval & Arnold
(2013) vs. OxGamma) return consistent results and support
the robustness of the combined data set.

4.4. Comparison of dosimetry approaches
A comparison of the various gamma dose rate values ob-

tained independently or semi-independently using different
dosimetry evaluations provides useful insights into their ac-
curacy. In this context, the mean Threshold-based gamma
dose rate of 1 514± 43 µGy a-1 (1 s.d.) calculated from all
measurements (Duval & Arnold (2013)’s evaluation proce-
dure) made with probes #1 to #4 is in excellent agreement
with the independent gamma dose rate (1 495± 51 µGy a-1)
obtained from the Al2O3:C dosimeter (deviation ∼2 %). Ad-
ditionally, the deviation observed for each spectrum does not
exceed 5 % of the Al2O3:C dosimeter gamma dose rate in
most cases (with a few exceptions (n = 3); Table 2), and it is
consistently <10 % for all spectra, demonstrating sufficient
reproducibility for both techniques (Fig. 3).
The two Windows-based gamma dose rate values of

1 473± 51 µGy a-1 (probe #5) and 1 467± 51 µGy a-1 (probe
#6) are also consistent at 1σ with the Al2O3:C gamma dose
rate estimate (1 495± 51 µGy a-1, with the two datasets dif-
fering by only ∼2 %. To sum up, all in situ gamma dose
rate results obtained using NaI probe gamma spectrometry
and Al2O3:C dosimeters are within close range of each other.
Finally, it is noteworthy that both the NaI gamma probes and
the Al2O3:C dosimeters produce gamma dose rates that are
significantly lower (by >400 µGy a-1) than that initially es-
timated from all the ICP analyses; though the two sets of
results actually overlap at 1σ given the large uncertainty as-
sociated with the ICP measurements. This confirms that the
latter should not be regarded as a reliable estimate of the true
gamma dose rate of the block at the central hole measure-
ment position, mostly owing to spatial heterogeneity in the
granite-doped concrete block mixture, although we cannot
discard that other sources of uncertainty may also be possibly
involved (see discussion in Bowman, 1976; Murray, 1981).

5. Conclusion

We present a new dosimetry reference block that comple-
ments a range of similar structures available at various lu-
minescence and ESR dating laboratories around the world.
Despite apparent non-negligible heterogeneity in the spatial
distribution of radioelements in the block as suggested by the
significant variability of the ICP analytical results from 20
strategically-collected samples, the gamma dose rates mea-
sured in the central hole position with two independent tech-
niques (Al2O3:C dosimeters and NaI probe gamma spec-
trometry) and using various evaluation procedures are all
within close range of each other. The consistency of these
results suggests that the true gamma dose rate at the centre
of the block has been properly constrained, although efforts
are ongoing to further refine this initial evaluation through
a combination of experimental and modeling procedures.
Based on the experience acquired through decades of inves-
tigations around the Oxford Blocks (e.g., Bowman, 1976;
Murray et al., 1978; Murray, 1981; Rhodes & Schwenninger,
2007, and references therein), we also acknowledge that sev-
eral aspects of the CENIEH block will deserve further at-
tention (e.g., density, disequilibrium, water content, spatial
heterogeneity) in order to ensure its exhaustive characteriza-
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tion. In this regard, we welcome future collaborative initia-
tives or any scientific inputs on this matter. The CENIEH ref-
erence block is made available to all members of the trapped
charge dating community for instrument calibration and re-
producibility assessments, including intercomparison studies
with similar dosimetry reference materials at other laborato-
ries.
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Reviewer comment
The doped concrete block described in this paper rep-

resents a highly valuable addition to the calibration toolset
for luminescence dating laboratories. Portable gamma spec-
trometry offers many benefits, with only relatively minor dif-
ficulty, but reliable calibration is important. I feel that having
a secure value for the total gamma dose rate, often deter-
mined by the threshold method typically with relatively high
precision, or using the window approach that provides a de-
termination of the apparent concentrations of U, Th and K,
is key to good calibration. This block delivers this with a
convincing set of determinations using both Al2O3:C chips
and a suite of six pre-calibrated NaI probes measured with
four different portable gamma spectrometers, displaying a
high degree of internal consistency. The apparent discrep-
ancy between the direct gamma dose rate measurements de-
scribed above and ICP determinations of U, Th and K content
from 20 subsamples collected during manufacture illustrate
how hard it is to achieve homogeneity with real world ma-
terials. The authors note some similarity in this discrepancy
with similar observations made during the construction of the
Oxford blocks during the 1970s.
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Appendix

Figure A1: Pink Porriño granite slabs upon arrival at the CE-
NIEH, as donated to G. I. L. by Burgos’ Municipality (Octo-
ber 31, 2018).

Figure A2: Slicing and crushing the Porriño granite slabs.
Each slab was thoroughly cleaned of any external dirt. A
guillotine-type hydraulic cutting machine was used to slice
each slab into hand-sized pieces, manageable enough to
crush using a laboratory jaw crusher. Care was taken to avoid
cross-contamination from the ground and surroundings dur-
ing slicing (a clean black tarp was spread out to contain the
sliced slabs).
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Figure A3: Construction of the Porriño granite-doped block
(October 22, 2019). Once filled with the mixture, the ply-
wood formwork was reinforced with strongly attached thick
wooden boards to hold it together while the concrete block
air-dried. It took the mixture almost 1 month to completely
dry.

Figure A4: Sampling of the Porriño granite-doped block.
Five sub-samples were taken from all four corners and centre
of the formwork as it was being infilled with the mixture (two
mixtures A and B poured in a total of four successive phases),
for a total of 20 dose rate control samples. The sub-sampling
intervals were at 12 cm from the bottom of the formwork;
22 cm of infilling (corresponding to the base of the horizontal
PVC tube inserted to maintain a 8.5 cm-diameter × 28 cm-
long cavity at the centre of the doped cube); 32 cm of infill-
ing; and at 50 cm of infilling, just 10 cm below the top of the
cube.
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Thanks to the use of paleodosimetric dating methods
(ESR, OSL), this thesis contributes to better understand the
chronology of the valley evolution and sediment transfer
within the Seine River catchment and its major tributaries
(Oise, Marne, Aube, Yonne, Loing and Eure rivers) during
the Late Quaternary period. The valley bottom along the
Seine catchment is variable in width, providing space for
sediment accumulation during alluvial transfer. The alluvial
deposits of the Seine River are mainly composed of quartz,
which results from the alteration and erosion of the bedrock
through which the river flows. This makes it possible to ap-
ply dating methods on quartz grains to estimate the phases of
alluvial deposits following the incisions associated with ma-
jor Quaternary climatic fluctuations. The aim of this thesis
is first to propose a chronology of the valley bottom’s infill
and second to determine the residence timescale within the
valleys based on the geometry at the bedrock alluvium inter-
face.

For this, a total of 21 samples were collected from differ-
ent sites within the Seine catchment in a fluvial environment,
principally in valley bottoms, along their edges or in some
fossil terraces. These samples were dated combining both
the electron spin resonance (ESR) and optically stimulated
luminescence (OSL) methods on optically bleached quartz
grains provided by alluvial sediments. Seven samples were
dated coupling both ESR and OSL methods, six using the
ESR method and eight using the OSL method. Both methods

are based on the same physical principle: the accumulation
of electrons in trapping structures within the quartz lattice
over time due to natural radiation.

Sample ages were determined as the ratio of total dose
received since their deposition (equivalent dose De which is
expressed in Gy) to the received dose calculated for one year
(annual dose Da, expressed in µGy a-1). The annual dose for
all samples was determined considering the content of ra-
dioactive elements such as U, Th and daughters, and K in
the field using a portable NaI γ-spectrometer and in the lab-
oratory (High Purity Ge detector). The same Da value was
used for both ESR and OSL ages calculation. In contrast, the
two methods differ in De determination. The De for ESR
was calculated using the multiple aliquot additive (MAA)
dose method, while for OSL the De was determined consid-
ering the single-aliquot-regenerative-dose (SAR) approach.
ESR ages were determined by the multicentre approach us-
ing the Al, TiLi and TiH centres. A validation criterion of
the dose response curves was performed regarding the com-
parison between the experimental points and the theoretical
growth curve. A particular emphasis was given on the points
with lower irradiation doses, with a special focus on allowing
the curve to pass through the “natural” point.

The results of the ESR-OSL dating of sediments are pre-
dominantly associated with the glacial-interglacial Quater-
nary cycles. Along the valley bottom the returned ages
recorded at least two Marine Isotopic Stages (MIS 6 and MIS
2). It is known that at the end of the Weichselian glaciation
(MIS 2) erosion was less powerful than at the end of MIS 6.
Therefore, it is possible that the deposits in the valley bottom
from MIS 6 were not entirely removed during the Weich-
selian glaciation MIS 2, preserving deposits from MIS 6 in
the valley bottom. Strath terrace deposits dated in this work
provide additional constraints on the ages of the Seine valley
formation and on incision rates since the Middle Pleistocene.
Overall, the incision rates estimated from these terraces are
in good agreement with the long-term incision rates known
in the Paris Basin (50–60 m Ma-1). Hence, at the large scale,
the data indicate a rather stable configuration of the valleys
since the Middle Pleistocene. Other aspects of this thesis
potentially highlight some knickpoints (regressive erosion)
observed above the chalk bedrock along the valley bottom
(i.e., near the Poses dam or in the Bassée area). These knick-
points could originate from the same continuous base level
fall, which would have occurred during limited periods of
MIS 2 or MIS 6.

In conclusion, this study highlights that a combined ap-
proach involving (i) ESR-OSL measurements, (ii) valley bot-
tom geometry restitution and (iii) sediment storage within the
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valley bottom is highly valuable to further understand Late
Quaternary sediment transfer within the Seine River catch-
ment.

A PDF of this thesis can be obtained by contacting the
author: diana.chourio camacho@sorbonne-universite.fr
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Accurate luminescence dating of feldspar has long been
hampered by the effect of athermal signal loss (anoma-
lous fading) when using luminescence dating techniques that
make use of recombination centres. Infrared radiofluores-
cence (IR-RF) dating is a luminescence dating technique that
makes use of the principal trap and is therefore theorised
to not suffer from fading to a significant extent. Extensive
laboratory investigations have been done to better constrain
and exploit the IR-RF signal and mechanisms but remark-
ably few have applied the technique to large sequences of
natural sediments with known age control. In this disserta-
tion, the utility and effectiveness of IR-RF dating were in-
vestigated and tested on coarse-, mid- and polymineral fine-
grains of feldspar with a view to evaluating the upper dat-
ing limit of IR-RF as well as compared IR-RF with the re-
cently developed novel infrared photoluminescence (IRPL)
dating technique. Initially ten coarse-grained K-feldspar
samples (∼25 to ∼900 ka) from the Luochuan loess-paleosol
sequence were measured and compared with age control
and it was found that a bleaching time of 1,500 s (between
the natural and regenerated measurements) underestimated
across all but the youngest sample while a longer bleach
of 20,000 s resulted in good agreement with the age control
up to 300 ka (5 samples) and underestimated for the older
samples. Construction of the natural and laboratory dose re-
sponse curves across the sequence revealed significantly dif-
ferent curve shapes for the shorter bleaching time and consis-
tent curve shapes for the longer bleaching time, highlighting
the importance of the longer bleach time. The potential of
the IR-RF signal for dating was then tested on six polymin-
eral fine-grained samples, and it was observed that the IR-RF
signal did not describe the characteristic decreasing stretched
exponential curve shape; these results were compared with
Na- and K-feldspar mid-grain fractions of the same samples.
The essentially flat curves were attributed to the dominance
of Na-feldspar and quartz in the polymineral fine grains. De-
spite the flat IR-RF signals and poor dose recoveries, the
age results for the polymineral fine-grains were consistent
with age control up to 300 ka, the Na-feldspar mid-grains

up to 350 ka and the K-feldspar mid-grains up to 200 ka.
A comparison of two IR-RF signals (at room temperature,
RFRT; and at 70 °C, RF70) and two IRPL signals (stimu-
lated at 880 nm, IRPL880; and at 955 nm, IRPL955) on four
coarse-grained coastal sediments (∼133 to 223 ka) from Sar-
dinia showed good agreement with age control for all signals
within 2σ . The IR-RF signal is an effective dating tool up to
300 ka for coarse- and polymineral fine-grains and its perfor-
mance is comparable with IRPL dating.

A PDF of this thesis can be obtained by contacting the
author: gwynlyn.buchanan@uni-tuebingen.de

Neda Rahimzadeh
Towards extending the luminescence dating range of
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July 2024

University of Tübingen, Department of Geosciences, Tübingen,
Germany

Degree: Dr. rer. nat.
Supervisors: Prof. Dr. Sumiko Tsukamoto,

Prof. Dr. Kathryn E. Fitzsimmons

Optically stimulated luminescence (OSL) dating of quartz
is widely used to establish an absolute chronology for Qua-
ternary sedimentary deposits. However, its applicability is
in general limited to the last ∼100–150 ka. Therefore, ex-
tending the range of quartz luminescence dating beyond this
limitation is a key challenge. In the quest for extending this
limit, other luminescence signals from quartz have been pro-
posed, among which violet stimulated luminescence (VSL)
is a promising signal. It is based on the use of violet stimula-
tion (405 nm) to measure traps deeper than those accessible
by blue light. The overall objective of this thesis is to de-
velop and test the applicability of VSL dating to extend the
quartz dating range. Attempts to establish an optimised sin-
gle aliquot regenerative dose (SAR) protocol for VSL dating
on four coarse-grained quartz samples from the coastal envi-
ronment of Sardinia have not all been successful. It is found
that the range of the applicability of the SAR VSL protocol
is dependent on the natural dose size; using the SAR method
for VSL dating remains challenging for samples with large
natural doses (i.e., >250 Gy).

Subsequently, the multiple aliquot regenerative dose
(MAR) protocol is, for the first time, tested on fine-grained
quartz samples from a Chinese loess-palaeosol sequence in
Luochuan with reference ages up to ∼1400 ka. The natural
VSL dose response curve (DRC) saturates at about 900 Gy,
which would potentially allow dating at the Luochuan sec-
tion using VSL up to ∼300 ka. However, the application of
the MAR protocol showed significant age underestimation
for samples older than ∼100 ka. This MAR VSL age under-
estimation can clearly be attributed to the different shapes of
natural and laboratory DRCs; the natural signal progressively
deviates from the laboratory signal beyond ∼250 Gy. These
observations are, however, contradicting the previous re-
search in the same region, which showed that the MAR DRC
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using coarse-grained quartz samples from the Luochuan sec-
tion can reproduce the shape of the natural DRC. It can
therefore be concluded that the grain size plays an impor-
tant role in obtaining reliable ages. A direct comparison
of fine- (4–11 µm) and coarse-grained (63–100 µm) quartz
VSL data from nine samples from a loess section in south-
ern Germany further confirm these observations. It is shown
that there is a systematic tendency for the fine-grained VSL
ages towards underestimation with increasing age. The fine-
grained MAR DRC starts to deviate from the natural DRC
at ∼300 Gy and therefore tends to underestimate the refer-
ence ages beyond ∼100 ka. In addition to the VSL signal,
the physical characteristics and applicability of the multiple
aliquot methods (MAR and multiple aliquot additive dose,
MAAD) of the quartz isothermal thermoluminescence (ITL)
signal measured at 330 °C (ITL330) is systematically inves-
tigated by using nine fine-grained quartz samples from the
Luochuan section. The natural ITL330 shows that the sig-
nal has a theoretical dating range up to ∼800 Gy, equivalent
to ∼230 ka. The comparison of the natural and laboratory
DRCs using MAR and MAAD protocols indicates that they
start to diverge in shape beyond ∼200 Gy, setting an upper
limit for reliable ITL330 dating of ∼70 ka. However, applica-
tion of pulsed-irradiation (PI) for the MAAD protocol reveals
that the shape of the natural DRC can mostly be reproduced
with the PI-MAAD protocol and thus it can provide reliable
ages up to natural saturation at ∼230 ka.

Based on the observations summarised in this doctoral
thesis it can be concluded that the natural VSL and ITL330
signals have an extended growth, and the main limitation
is the deviation between natural and laboratory generated
DRCs beyond a certain dose, which caused a progressive
age underestimation. Application of pulsed irradiation in-
creases the reproduction of the extended VSL and ITL330
natural growth. While further investigations will be needed,
it appears that this method can be a promising step forward
in our attempts to extend the quartz luminescence dating age
range.

A PDF of this thesis can be downloaded from: http:

//hdl.handle.net/10900/158729
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Degree: Masters
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Hydroclimate, defined as the interconnection of hydrol-
ogy and climate, is highly important to assess environmen-
tal change. Especially in drought-prone regions, variabil-
ity in hydroclimate can trigger major changes in landscape

stability and affect ecosystems and human settlements. The
highly variable hydroclimate with great variations in spatial
and temporal landscape response in south-eastern Australia
highlights the need of an improvement in the coverage of
geochronologic and paleoenvironmental studies focussing on
the reconstruction of hydroclimatic conditions. Lunettes, as
transverse shoreline dunes at lakes, are valuable paleoenvi-
ronmental archives at the edge of Australia’s dryland, as their
sediment characteristics are altered through the conditions
present during deposition and they are geomorphic proxies
for the extent of the past dryland margins. In contrast, the
lake bed is no suitable archive due to deflation. Periodic lake
drying and lake bed deflation would result in clay pellet de-
position whereas clean beach sand indicates full lake condi-
tions. In this study, the history of lake filling and drying is in-
vestigated based on the lunettes for three former lakes (Lake
Toolondo, Bryans Swamp, Nekeeya) around the mountain
range Gariwerd/Grampians Ranges in western Victoria, Aus-
tralia. This area is chosen due to its proximity to the semi-
arid margin and the possibility to investigate whether an oro-
graphic effect on hydroclimate around the mountain range
is preserved in the lunette’s record. Toolondo is located
west, Bryans Swamp in a southern valley and Nekeeya east
of Gariwerd/Grampians Ranges. Optically stimulated lumi-
nescence (OSL) dating is used to constrain ages for sedi-
mentation phases. Sediment characteristics, such as grain
size and element composition, derived through laser diffrac-
tometry and portable X-ray fluorescence (pXRF), are used
as proxies for lake conditions. This study enables the iden-
tification of the hydroclimatic history preserved in lunettes
around Gariwerd/Grampians Ranges. At Toolondo drying
lake conditions are preserved from ∼100–80 ka. A minor
lake full phase with lunette deposition is recorded at ∼55 ka
at Toolondo and Nekeeya. This is followed by major con-
tinuous to persisting sandy lunette deposition from ∼34–
30 ka to 16 ka at all three lakes. Afterwards, minor full lake
lunette deposition or partly reworking occurred at Toolondo
and Bryans Swamp from ∼11–10 ka and at all three lakes
from ∼7–5 ka and ∼2.4–1.7 ka. More recent activity is dated
to ∼0.6 ka and <150 a at Toolondo and Nekeeya. The mostly
continuous water availability at the lakes investigated high-
lights the importance of snow melt and vegetation response
in mountainous regions during periods of generally higher
aridity. Within this study, no evidence for an orographic ef-
fect of the mountain range Gariwerd/Grampians Ranges onto
past lake hydrology could be found. Instead, latitudinal ef-
fects, the proximity to the mountain range and the catch-
ment characteristics seem to have a greater effect on water
availability within the studied lakes. The obtained results
bring up the hypothesis of a “megalake” at Bryans Swamp
through linkage with the adjacent Mahoney Swamp before
32 ka. This study improved the knowledge about spatial and
temporal variability in hydroclimatic conditions and its land-
scape response and provides further evidence for more wa-
ter availability during the extended Last Glacial Maximum
(LGM) due to either decreased evaporation, increased rain-
fall or snow melt. The data can be used to guide future ap-
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proaches to quantify climatic parameters in the past.
A PDF of this thesis can be obtained by contacting the

author: victoria.schwarz@monash.edu
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August 2024

Utah State University, Logan, United States of America

Degree: Ph.D.
Supervisors: Tammy Rittenour, Joel Pederson

Landscapes change over time in response to movements
of the Earth’s crust and the effects of climate. This disserta-
tion examines how these factors shape different landscapes,
focusing on erosion of river canyons in elevated plateaus,
how the transport history in quartz sand may be encoded in
its properties, and how a paleo-delta has formed in response
to sea-level change and fault displacement. I use dating tech-
niques, field methods, and topographic analyses to offer in-
sight into erosional patterns and rates in different landscapes.

Rivers can take a long time to adjust to changes in bound-
ary conditions, even after those changes have ceased. I stud-
ied the Colorado River incision history in the tectonically sta-
ble central Colorado Plateau of Utah, to understand the tim-
ing, spatial variability, and controls on canyon carving. The
incision history and topography of the region show remark-
able variability in erosion across the region and through time,
with significant rapid incision of ∼250 m in the last 350 ka.
Results suggest this rapid erosion is a signal derived from
baselevel fall by the Colorado River in the Grand Canyon re-
gion 5 million years ago. This study shows that even without
major tectonic or climate change, landscapes can still main-
tain complex erosion patterns.

Optically stimulated luminescence sensitivity is a new
technique used to study Earth’s surface processes. How-
ever, the geologic processes that induce a luminescence phe-
nomenon in quartz are still unknown. I investigate the geo-
logic controls on the luminescence sensitivity of quartz sand
using rocks and modern and paleo-river sediments in a small
mountainous catchment in northern Utah, USA. The results
indicate that the luminescence phenomena in quartz is en-
hanced with the time spent at the Earth’s surface as the sand
grain weathers, erodes, and is transported along hillslopes to
river systems.

The Pagliara fan-delta in northeastern Sicily provides a
unique opportunity to study how coastal sediments stack
through time in response to climate and sea-level change and
tectonic history. Dating of the delta using luminescence tech-
niques, reveals that the delta formed 300–220 ka ago when
accommodation space was generated by sea-level fall and
subsidence from fault movement. After this time, river and
shore processes began to excavate the delta, indicating a shift

from sediment accumulation in the delta to tectonic uplift.
Despite the change in tectonic stress revealed in the delta
stratigraphy, the uplift and erosion rates of the region have
remained relatively constant over the past 300 ka.

A PDF of this thesis can be downloaded from: https:

//digitalcommons.usu.edu/etd2023/250/

Hawke Woznick
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August 2024
Utah State University, Logan, United States of America

Degree: Masters
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The goal of this thesis is to provide greater resolution on
the sub-glacial sediment ages and duration of ice-free in-
tervals recorded in the Camp Century ice core, northwest-
ern Greenland. Bulk sediment geochemistry and mineralogy
were used to determine differences in sediment source and
weathering, feldspar types, and inform sample selection for
luminescence dating, which provides an age estimate of the
last time sediment was exposed to sunlight.

The Camp Century core is separated into five subglacial
sediment units. Samples were collected from each unit ex-
cept unit 2, which is primarily composed of silty ice. Anal-
ysis of the bulk sediment geochemistry indicated the upper-
most sediments were most depleted of soluble cations, indi-
cating either sorting during transport or greater weathering.
Statistical t-tests of the differences in the major elements in
the sediment units above and below the silty ice lens (Unit
2) indicate that the upper sediments (Units 5, 4, and 3) are
chemically different than the lower sub-glacial unit (Unit 1).
Analysis of feldspars within the very fine sand fraction from
each unit indicate they are dominated by K-feldspar, with an
internal K content of 12.5 %, the value assumed for lumi-
nescence calculations. Age control on Camp Century sub-
ice sediment was obtained using post-infrared stimulated lu-
minescence on the very fine-grained feldspar sand fraction.
Luminescence results from the basal sediment unit (Unit 1)
indicated that it was beyond the range of dating (>1.5 Ma).
Preliminary luminescence results for the upper sedimentary
units returned ages between 414 ka and 422 ka. These re-
sults confirm the initial age from the upper 10 cm of the core
and indicate that Camp Century was last ice-free during the
exceptionally long and warm Marine Isotope Stage 11 in-
terglacial. An ice-free Camp Century within the last 400 ka
greatly changes our understanding of the history and stabil-
ity of the Greenland ice sheet. This research reveals that the
Greenland ice sheet is more susceptible to melting, leading
to global sea-level rise, than previously assumed.

A PDF of this thesis can be downloaded from: https:

//digitalcommons.usu.edu/etd2023/281/
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September 2024
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Degree: Masters
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Research on past climatic and hydrologic conditions is
of high relevance when faced with the challenges of an-
thropogenic climate change. With water as an essential
factor, variability in hydroclimate can affect landscapes as
well as human settlements to a high degree. Within the
already highly hydro-climatically variable Australian conti-
nent we investigate sedimentary deposits including lunettes,
commonly found on the down-wind side of ephemeral lakes,
as well as aeolian and fluvial deposits. Especially lunettes
are valuable palaeoenvironmental archives, with their sed-
iment sequences recording hydrologic conditions in their
basins during their deposition. Samples were taken from
three lakes in the Western Plains of the Newer Volcanics
Province in Victoria: Lake Corangamite, Beeac and Murd-
eduke. The area is characterised by complex morphologies
including multiple volcanic eruption centers as well as huge
sedimentary deposits, which resulted in the hypothesis that
a Megalake had previously existed in the Western Plains
basin. This as well as the episodic salinity, increasingly
becoming a problem with the arrival of European settlers
and their pastoral agriculture, makes the area highly interest-
ing. Using a combination of Optically Stimulated Lumines-
cence (OSL) dating, remote sensing and sediment analyses
a palaeolake extent, albeit smaller than previously hypoth-
esized, as well as cascadic overflow points were identified.
At Lake Beeac, a depositional phase at ∼42 ka was identi-
fied, followed by two deposits during lake drying conditions
at ∼33 ka and ∼28 ka, respectively, at Lake Murdeduke. Im-
mediately pre-LGM (Last Glacial Maximum), aeolian depo-
sition occurred at Lake Corangamite. After a long inactiv-
ity, deposition resumed at Lake Murdeduke during lake full
conditions ∼5 ka, whereas aeolian deposition occurred once
more at Lake Corangamite around 3.6 ka, indicating variabil-
ity in the late Holocene. With the arrival of European settlers
and onset of pastoralism, reactivation occurred at the sam-
pling sites of Lake Murdeduke, with four samples dated at
∼200 a.

A PDF of this thesis can be obtained by contacting the
author: philip.liebrecht@gmail.com
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Utah State University, Logan, Utah, United States of America

Degree: Masters
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The terraces of the Wiggins Fork River in northwest-
ern Wyoming host thousands of cairns that form an exten-
sive network of drivelines and at least seven jump funnels.
These anthropogenically placed features comprise the Wig-
gins Fork Bison Jump Complex, used prehistorically by Na-
tive Americans as a hunting method where bison were driven
off cliffs for harvest. Previous radiocarbon analysis from bi-
son bones preserved at the base of Jump #4 indicated a ∼200-
year duration of use, though the spatial distribution and vary-
ing degrees of cairn degradation across the complex suggest
an extended utilization period. This thesis explores the use
of luminescence dating to determine the construction ages of
cairns associated with Jump #4 and provide the deposition
age of geomorphic features associated with the hunting com-
plex.

The terraces of the Wiggins Fork were mapped and dated,
and the lowest Pleistocene terrace resulted in a luminescence
age of 16–23 ka, indicating deposition during the Pinedale
glaciation and correlation with the lowest Pleistocene terrace
of the Wind River. Luminescence dating of the overlying
fine-grained alluvial deposit indicated deposition at ∼11 ka,
coinciding with the Pleistocene to Holocene climate transi-
tion, and provided a maximum age for the archaeological
features associated with the complex. Luminescence dat-
ing of cairns associated with the funnel of Jump #4 indicated
that the jump was constructed ∼300–800 years ago. These
placement ages primarily fell within error of the radiocarbon
ages associated with the jump and suggest that the jump fun-
nel was constructed during or prior to successful utilization.
Cairn mapping and luminescence dating revealed that four
gully-dissected parallel drivelines extending along the ter-
race tread approaching Jump #4 were constructed between
∼300 and 800 years ago. Results from each of the paral-
lel driveline suggest that the features may have been recon-
structed further inland to accommodate headward gully mi-
gration and reinforce the previously constructed drivelines.
This represents a long-term investment in the landscape and
adaptation to geomorphic change. The coinciding lumines-
cence ages and radiocarbon demonstrate that cairns at this
site can be dated, removing the need to find and disrupt bone
deposits from the other jumps. These results have implica-
tions for ongoing archaeological investigations and efforts to
protect this culturally and historically valuable site.

A PDF of this thesis can be downloaded from: https:

//digitalcommons.usu.edu/etd/
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Conference Announcements: UKLum 2025 
 

 
 
We are excited to announce the 2025 UK Luminescence and Electron Spin Resonance Dating Meeting, 
taking place in the beautiful town of St Andrews, Scotland from August 20-22, 2025. This informal 
gathering will serve as a platform to discuss the latest advancements and ongoing research in 
luminescence and ESR dating, with a particular focus on recent developments, ongoing projects, and 
student-led work. We encourage both oral and poster presentations, especially from students and early-
career researchers. 
 
To register your interest in attending the meeting and be added to the mailing list for future updates and 
circulars, please use this link: https://forms.office.com/e/SfJp8ZVw4S 
 
Should you have any questions or need further information, don’t hesitate to reach out to us at the 
conference-specific email address: ukled2025@st-andrews.ac.uk. 
 
Stay tuned for more details on registration and the agenda. Mark your calendars—we can't wait to 
welcome you to Scotland! 
 
Aayush Srivastava, Adrian Finch, Tim Kinnaird (St Andrews) and David Sanderson (SUERC) 
 

https://forms.office.com/e/SfJp8ZVw4S
mailto:ukled2025@st-andrews.ac.uk
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