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Over the last few decades the importance of geochronology in Quaternary studies has
significantly increased and the development of accurate numerical dating tools has become an
essential foundation for reliable interpretations of palaeoenvironmental proxies, landscape
evolution, geomorphic processes, palaeoclimate records, palaeoecological changes,
archaeological histories and human evolution. There is now a wide array of numerical
Quaternary dating methods available, though their applicability and accuracy may vary
significantly at individual sites depending on a series of factors, including the age range of
interest, the types and purity of preserved material, and its association (e.g. taphonomic
history, stratigraphic correlation) with the event that is being dated (e.g. Ludwig and Renne,
2000; Griun et al., 2010; Rink and Thompson, 2015; Rixhon et al., 2017). Radiometric
methods such as radiocarbon, argon-argon (Ar-Ar) and U-series dating typically offer the
greatest analytical precision and are based on relatively standardized analytical procedures.
Other techniques such as electron spin resonance (ESR), luminescence, and cosmogenic
radionuclide (CRN) dating have not yet reached the same level of standardization, but they

nevertheless offer invaluable age constraint across a wide range of sites, depositional contexts
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and timeframes, particular when the more routinebed and standardized radiometric

methods are not applicable.

1. 45yearsof ESR dating

The present Special Issue (Sl) is being publishedyglars after the first ESR dating
application performed by Ibeya (1975) on stalastftem Japanese caves. Research interests
within the ESR dating community have naturally @eal over the last five decades (see also
Bahain, 2007; Falguéres et al.,, 2020; Grin et2420, this volume). A wide range of
applications has been developed, and some havenedoareasingly popular within the ESR
dating community, whereas others have been pragedgsabandoned. Figure 1 presents a
(partial) overview of this evolution. In the 1980bere was seemingly a more balanced
interest within the community to develop a wideietyr of applications, mostly on cave
carbonates, but also on biohydroxyapatite (inclgdossil bones and tooth enamel), silicates
(e.g., silex, heated and optically bleached quaata) marine carbonates, including (among
others) mollusc shells, foraminifera and coralstirG(1989) and lkeya (1993) have both
provided excellent overviews of the state-of-thiedrthe field during this period. In the
1990s, and the period since, the vast majority ®RElating studies have been centered on
fossil teeth and quartz. This contrasts with treaclprogressive disinterest for the study of
cave carbonates (Fig. 1), in spite of this matdr&ahg the original focus of the seminal work
by lkeya (1975). This trend is most likely the direonsequence of the rapid development of
mass spectrometry techniques (e.g., thermal idoizaimass spectrometry [TIMS],
inductively coupled plasma mass spectrometry [ICEPMduring that period, which have
enabled the acquisition of much faster and moreigeeU-series ages compared with ESR.
Similarly, ESR dating of fossil bones, initiallysted in the 1980s (e.g. lkeya and Miki,
1980), was completely abandoned a few years later substituted by fossil tooth enamel, a
material that was rapidly found to be more suitdbtedating purposes (Griin and Schwarcz,
1987). There has been an almost constant incraabe inumber of ESR dating applications
to fossil tooth enamel over the last three decadksvever, the most striking trend is
probably related with the number of publicationslidated to quartz in the last ten years,
which have multiplied by a factor of two in comsam with the previous decade (Fig. 1).
The increased interest within the community fos thpecific application is illustrated by the
recent establishment of a new generation of labaest hosting both ESR and luminescence

dating facilities and expertise (e.g., Leibniz inde for Applied Geophysics, Germany;
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Centro Nacional de Investigacion sobre la Evolucidomana, Spain; University of
Lausanne, Switzerland; BabBolyai University, Romania), and favouring thuseth
development of combined dating studies focuseduartyg and feldspars. As of 2020, ESR
dating of fossil tooth enamel and quartz have bectm two most popular applications, by
far (Fig. 1). In comparison, other materials sushcarals and mollusc shells have received
relatively constant, but significantly smaller,emition within the community over the last few

decades.
Fig. 1 approx. here

In summary, ESR has the advantage of being usédanitide range of materials such as
carbonates, phosphates, silicates and sulfatesit aah also potentially cover the last 2.6
million years (Ma). These properties ensure thaR E&ting is applicable across almost any
Quaternary depositional environment and time rafpe. reader may refer to the successive
review works by Griin (1989), Ikeya (1993), Rink I, Skinner (2014) and Blackwell et al.
(2016) to obtain a complete overview of the varietfeSR dating applications developed in
the last 45 years. Despite these strengths, tenpatt usefulness of the ESR method remains
relatively unknown among the broader scientific owmity. This is partly due to the limited
number of specialists in the field of ESR datingd do the complex and time-consuming
analytical procedures that are involved; both ofchtsignificantly limit the number of ages
that can be produced. Additionally, the large nunddgparameters to be taken into account
in the age calculation (potentially >20; Griin, 19B2val et al., 2017a) can make the whole
dating process sometimes seen like a black boxdbusers and non-specialists. Limited
understanding of the dating process may also rasuibrealistic expectations of the dating
outcome, in particular when ESR is expected toeaehia similar level of accuracy and
precision as well-established and -standardizedhodst As a consequence, the reliability of
ESR dating is also frequently questioned within seeentific community (sometimes with
reason). The present Sl of Quaternary Internatiamak to fill this gap of knowledge by
providing an updated overview of the potential aodrent limitations of the ESR dating

method for Quaternary dating studies.

2. Overview of the Special Issue

22 manuscripts were submitted to the Sl: 16 of tite9%) were accepted, while five

were rejected and one was withdrawn by the autfidrese data fall within the standards of
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Quaternary International in terms of number of dbations (between 12 and 20 maximum)
and rejection rate (~40%) per Sl (see Chen et28ll9 for comparison). The 16 original
contributions of this Sl cover a wide range of dgtapplications over the whole Quaternary
period, and beyond (Table 1). In order to propesgluate the accuracy and reliability of the
ESR method, a special emphasis has been placedchuding studies that involve cross-
comparisons with other independent dating methswsh as radiocarbon (e.g. Richard et al.,
2020, this volume; Azevedo et al., 2020, this vatgi@chellmann et al., 2020, this volume),
U-series (Richard et al., 2020, this volume; Sehielet al., 2020, this volume), Ar-Ar
(Voinchet et al., 2020, this volume), luminescefBeerten et al., 2020, this volume; Ben
Arous et al., 2020, this volume; Duval et al., 202{s volume; Demuro et al., 2020a and b,
this volume ; Bartz et al., 2020, this volume; Mikov et al., 2020, this volume; Schellmann
et al., 2020, this volume), CRN (Beerten et al2@0his volume; Duval et al., 2020, this
volume), palaeomagnetism (Duval et al., 2020, tolsime) and loess morphostratigraphic
correlations (Richter et al., 2020, this volumegidiionally, a couple of the SI contributions
include new multi-laboratory comparison studiesh@a et al., 2020, this volume; Duval et
al., 2020, this volume), which, unfortunately, dooe to remain limited within the ESR

dating community.
Table 1 approx. here

This Sl provides a representative overview of thgearch currently being undertaken
within the ESR dating community. It is roughly ctstent with the pattern shown in Fig. 1
for the last decade (Table 1), although there isiralerrepresentation of fossil tooth dating
applications. Half of the contributions (n=8) foesson quartz dating, and there are four
contributions on fossil teeth, two on mollusc shelhd one on corals (note that one of the
studies includes applications to both fossil toettamel and quartz grains). The various
papers are led or co-authored by research growps frarious continents (Europe, Asia,
Oceania, North America, South America; Table 1)gétber, they provide an overview of the
current extent of the ESR dating community, althoubis should be considered as an
incomplete view because some of the major actotkenfield are missing. Some of these
contributing groups are well-established, with agidradition in ESR dating over the last
decades (e.g., Museum national d’Histoire naturefeance; Williams College, USA;
Universidade de Sao Paulo, Brazil; University ofildgoe, Germany; Tallinn University of
Technology, Estonia; University of Bamberg, Germanyhile others have appeared more

recently, < 10 year ago or so (e.g., Centro Natidealnvestigacion sobre la Evolucion
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Humana, Spain; Leibniz Institute for Applied Geopicg, Germany; Nanjing Normal

University, China; Griffith University, Australia).

Finally, the scientific quality of this SI has undiedly benefitted from the thorough
peer-review process carried out by a large panetfefees (see detailed list in Table 2). We
would like to sincerely thank all of the reviewds their time-consuming and dedicated

work.

Table 2 approx. here

3. Contributions of this SI: contextualising the main outcomes

3.1. ESR dating from an historical perspective

This Sl begins with two somewhat unconventional tgbations providing very
interesting historical perspectives on the develmpmand application of the ESR dating
method since the early 1980s. Hopefully, these wavkKl prove especially useful for the
younger generations of the dating community. FiFgtlguéres et al. (2020, this volume)
presents the history of the French ESR dating teanthe Museum national d'Histoire
naturelle (MNHN) of Paris, whose existence steminech Yuji Yokoyama, the pioneer of
ESR dating in France. Yokoyama rapidly saw the mak of the method as a dating
application tool after the first publication by e (1975). His work initiated a long tradition
of ESR dating in France, propelled by the foundatid the ESR dating laboratory at the
MNHN with the active support of Professor Henryldenley. For the last 40 years or so,
this laboratory has significantly contributed tcethield of ESR dating, and Quaternary
studies in general, via methodological investigagiand dating applications, mostly related
to archaeological contexts. This is well illustchten the present Sl by numerous first-
authored contributions from the “first” generati§gRalgueres et al., 2020, this volume;
Bahain et al., 2020, this volume) and “second” getien of researchers trained at the
MNHN (Ben Arous et al., 2020, this volume; Duvalagt 2020, this volume; Richard et al.,
2020, this volume; Voinchet et al., 2020, this vo&). Falgueres et al. (2020, this volume)
provides an interesting overview of the long-teesearch performed on calcite, quartz and
fossil teeth by the team (see also Bahain, 200fhorg their many methodological
achievements was the publication of one the verst fESR dating studies of optically
bleached quartz extracted from Quaternary sedimiérg. group has undoubtedly played a
leading role within the community for the promotiohthis application, in particular with the
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development of an extensive dating program focusedhe fluvial deposits of the Centre
Region, France. In this regard, the work by Duvahble (2020, this volume) is the latest

example of a long research tradition initiated y2@ars ago.

This first historical perspective is followed byidr (2020, this volume), who provides
a first-person description of his own personal j@yrin the field of ESR dating. The author,
who coincidentally retired shortly before the puahtion of the present SI, walks us through
the development of the method, progressive impr@remn the understanding of the
fundamentals, and the evolution of analytical psses in ESR dating of fossil teeth over the
last 35 years. One should be aware that this kg @simall part of the global contribution by
the author to the field of ESR dating, who also keor on a large variety of materials and
applications (e.g. quartz, carbonates) and exparfmedesearch expertise beyond ESR.
Related research fields of luminescence, U-sedad, radiocarbon dating, among others,
have all benefitted from Rainer Griin’s sharp mind aven sharper diplomacy skills. The
paper nicely describes the intellectual pathwayt thas led to some of the major
methodological breakthroughs over the last decasled) as the definition of the US uptake
model for a combined U-series and ESR dating agprosingle aliquot dose evaluation of
enamel fragments, and high-resolution U-series yaral by laser ablation ICP-MS. In
particular, the combination of the latter two amizes has led to the development of the
famous 'semi non-destructive approach’ (a glastfhlll take on the fossil conservation
impacts of ESR dating), which has enabled provisiodirect age constraints on a significant
number of human fossils that lie beyond the linoitgadiocarbon dating (see the overview
Table 2 in Grun, 2020, this volume). Finally, frdns ~40 years of experience in the field of
ESR, the author also warns about the need and farm® to continue undertaking
methodological investigations. Dating applicatioms fossil tooth enamel are flourishing
(Figure 1), but many questions around the basi¢heofnethod (e.g. in relation to the nature
and composition of the radiation-induced ESR sigmahe migration of uranium into dental

tissues) remain to be fully understood.

3.2. Fossil tooth enamel

The following four Sl contributions deal with fossboth enamel. The first three are
centred on the dating of Late Pleistocene archagsepntological localities from three
different continents. Azevedo et al. (2020, thisumee) perform an ESR dating study of
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several 10-20 thousand year (ka) old megafaun& teetn Lagoa Uri de Cima (Brazil),
while both Richard et al. (2020, this volume) arehBArous et al. (2020, this volume) focus
on somewhat older localities (30-50 ka). Richara@le (2020, this volume) present dating
results linked to Neanderthal occupations at Hatkin-Stadel cave (Germany). Ben Arous
et al. (2020, this volume) provide new numerica¢ agpnstraints for El Harhoura 2 cave
(Morocco) and, thereby, for the Middle Stone AgeNarthern Africa. These three studies
illustrate the specificities of dating relativelpyng samples. Dental tissues usually display
low uranium concentrations, and thus carry verytéchweight in the dose rate evaluation. In
other words, the uranium uptake modelling has arost negligible impact on the calculated
age. This is a very patrticular (most likely unigséyation in which a combined U-series and
ESR dating approach may not be required. For ex@amaevedo et al. (2020, this volume)
derive age estimates based on the so-called parardetiptake models (early uptake [EU],
linear uptake [LU], combined uptake [CU] modelshatthare all within error. The age
difference does not exceed 3 ka, whatever the wmaniptake model selected. In contrast,
Richard et al. (2020, this volume) and Ben Arousalet(2020, this volume) employ the
combined U-series/ESR dating approach but readmiéas conclusion: the weight of dental
tissues on the total dose rate is so low (<2% a8 %, respectively) that the impact of
uranium uptake modelling is, again, very limiteds & consequence, the sedimentary
environment instead becomes of crucial importamcéhé total dose rate evaluation. It is
therefore essential to properly assess the gamnsa date, which may be extremely
challenging in very heterogeneous sedimentary gtsitée cave infills. Richard et al. (2020,
this volume) and Ben Arous et al. (2020, this vaddirmore or less successfully tackle this
issue by performing severah situ measurements throughout the stratigraphic layers
containing the teeth in order to evaluate the #teariability of this parameter. While the
results obtained foEl Harhoura 2 cave are generally consistent, thasa Hohlenstein-
Stadel cave are extremely scattered (up to ~60 “aébility in some layers), suggesting
significant uncertainty remains around the true i@mdose rate. This unfortunately
underlines the intrinsic limitations of dose rasxonstructions for fossil teeth originating
from very heterogeneous sedimentary environmentsrdstingly, for both studies, the ESR
ages can be directly compared with either radiamarRichard et al., 2020, this volume) or
optically stimulated luminescence (OSL) resultsnBeous et al. 2020, this volume). In the
first case, the various ages are generally comsigteespite some well-identified outliers),
although the ESR estimates display much largercassal uncertainties, as might be

expected. For El Harhoura 2 cave, the new combik&}ESR dating results are
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systematically and significantly younger than thevpusly obtained OSL ages, by about 15
ka. While the authors discuss the possible origisugh discrepancies, which apparently do
not come from evaluation of the gamma dose rathauld also be kept in mind that the two
methods do not date the same material (quartz gnasn fossil teeth), nor the same event
(OSL: the last exposure to sunlight; ESR: the bupiathe fossil teeth). Consequently,

although the origin of the discrepancy remains agtelal Harhoura 2 cave, the age difference
observed between the two independent approachesnotagecessarily be the result of a
methodological bias. It may also arise from othauses, perhaps reflecting more complex

site formation or taphonomic processes than ihytipected.

The fourth study by Bahain et al. (2020, this vod)rpresents the results of a multi-
laboratory ESR dating study based on both fosstht@and optically bleached quartz grains
from the Neanderthal site of Tourville-la-RivierErénce). Several fossil teeth from the
archaeo-palaeoanthropological level were indepehdeanllected at two different locations
and ESR dated by two research groups. The resaoitsistently point towards a marine
isotope stage (MIS) 7 chronology for the fossilespite the two sets of samples showing
clearly different equivalent dose £pvalues (153 + 22 vs. 195 + 14 Gy) and U-serids da
(homogeneous apparent U-series ages between 14 @rich vs heterogeneous apparent U-
series ages between 75 and 656 ka and severalremces of uranium leaching). This
outcome indirectly outlines the robustness andodyibility of the dating method for this
time range, as the different radioactive environte@md diagenetic processes experienced by
the fossil teeth at the two distinct locations witthe same layer do not unduly influence the
final dating results. Even more interestingly, tisrk also provides a detailed comparison of
the analytical procedures employed by each laborasmd evaluates some potential
methodological biases, which is, to our knowledgery rare (see also Dirks et al. 2017).
Contrary to the Late Pleistocene dating studiekided in this SI (Azevedo et al. 2020, this
volume; Richard et al., 2020, this volume; Ben Arat al., 2020, this volume), the dental
tissues at Tourville-la-Riviere carry a significaweight in the total dose rate, and the
uranium uptake modelling has a clear impact orfitted age result. As an example, Bahain
et al (2020, this volume) observed a 15-20 ka difiee between the US-ESR and CSUS-

ESR age estimates.

In summary, the four Sl contributions centred ossibtooth enamel serve to illustrate
both the application potential of this approach @sdspecificities, depending on the time

range considered. ESR dating can be used as amatifNe (although significantly less
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precise) approach to radiocarbon over the 0-50irkk@ range, providing direct ages on
fossils. While the limited impact of uranium uptakeodelling simplifies the analytical
procedure for relatively young samples, the evalnabf the environmental dose rate from
the sediment instead becomes crucial, and may Heenealy challenging in very
heterogeneous environments. Beyond 50 ka, ESR kesctive only numerical dating method
that can provide direct, finite age constraint @ssils, and has thus become especially
popular for dating hominin fossils (see Grin, 208tls volume). The 50-500 ka time
window is usually considered as the optimum rarayettis dating application, because: (i)
the dose rate evaluation is not dominated by alesingmponent, and dental tissues and
sedimentary environment carry a more balanced wighfossil teeth tend to be suitable for
dating from a methodological perspective, i.e. thhanium concentration of the enamel
generally remains low (<1.5 ppm) and uranium leaghrom the dental tissues does not
frequently occur. However, contrary to younger sksipthe combination of ESR and U-
series data is essential to properly model theiumamiptake in dental tissues of >50 ka fossil
teeth.

3.3.Optically bleached quartz grains

Half of the contributions to this Sl deal with ESRting of optically bleached quartz
extracted from Plio-Pleistocene sediment. The waykBahain et al. (2020, this volume)
includes a multi-laboratory ESR dating study basedjuartz, but the direct comparison of
the results appears to be less straightforward fibrafossil teeth because most of the samples
were collected from different layers. ESR datingsvpeerformed by two different teams as
part of independent dating studies, although thealytical protocol is fairly similar and the
ESR measurements were performed in the same yacdilite results clearly highlight the
benefits of using the Multiple Centre (MC) approaghile the Al and Ti-Li (option Dsensu
Duval and Guilarte, 2015) signals yield overestedatges, the Ti-H signal (optiongensu
Duval and Guilarte, 2015) provides an estimate thatonsistent with the results from the
fossil teeth. This work demonstrates the poterdfathe Ti-H centre to date late Middle

Pleistocene deposits withealues that do not exceed 200 Gy.

Duval et al. (2020, this volume) present a multhtgique and multi-laboratory dating
study of two key Lower Palaeolithic sites in then€e Region (France) that have early
Middle Pleistocene chronologies. The archaeolo@ribg fluvial deposits at these sites were
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previously extensively dated by ESR, but using #Kecentre only. Interestingly, the
independent ESR dating performed in the latestyshydDuval et al. (2020, this volume)
yields generally consistent ages for the Al cendesspite many differences in the analytical
procedure. This work thus represents a unique &ppby to directly and thoroughly
evaluate potential laboratory biases ir Bnd dose rate evaluation. The MC approach
provides further age constraints on the sites, lwhiemonstrates the importance of
systematically measuring both the Al and Ti ceninea given quartz sample. In particular,
the comparison of these two signals is currentydhly way to ‘internally’ evaluate possible
incomplete resetting of the ESR signal associatil thie Al centre. In Duval et al. (2020,
this volume), the combined use of these two sigmatsvides consistent results when
compared with independent age control obtained faocombination single-grain thermally
transferred OSL (TT-OSL), palaeomagnetism and CIRMontrast, the Ti-H signal (Option
C) systematically underestimates the expected dssmates, showing that this signal may
not be suitable for early Middle Pleistocene dejgodihis agrees well with the observations

made by Voinchet et al. (2020, this volume).

The study by Demuro et al. (2020a, this volume atwestigates fluvial deposits, but
focuses on a late Middle Pleistocene to Late Rlegste archaeological context. The authors
undertake new TT-OSL analyses of several sedimamipkes from the Acheulean site of
Porto Maior (Spain), complementing the previousliplshed MC ESR and post-infrared
infrared stimulated luminescence (pIR-IRSL) agesM#ndez-Quintas et al. (2018). The
combination of all available ESR and luminescerata @nables the establishment of a robust
Bayesian-modelled chronology for the sequence.altiqular, the Ti-Li centre (option D)
provides ages that are consistent with the TT-O8L@R-IRSL results over the 200-300 ka
time range, while the Al signal yields significaage overestimation. This comparative study
shows the suitability of the Ti-Li (Option D) signér providing accurate dose estimates
over the 750-1100 Gy range. Although the weak sitgnof the Ti-H signal (option C)
precluded reliable ESR measurement in the initating study of Porto Maior (Méndez-
Quintas et al., 2018), this signal was evaluatedreater detail for one sample in the latest
study by Demuro et al. (2020b, this volume). TheHTsignal is shown to produce an age
underestimate of about 80 ka when compared witlhowpD for this particular sample.
Interestingly, the studies by Bahain et al. (2G2& volume) and Demuro et al. (2020a, this
volume) deal with samples of a similar age (~200-R8) but the outcomes regarding the

suitability assessments are somewhat differenthi@ITi-Li and Ti-H signals. Specifically, at
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Tourville-la-Riviere, the Ti-Li (option D) signalrpduces overestimated ages, while the Ti-H
ages are in agreement with independent age cofBaiain et al. 2020, this volume).
Consequently, we cannot exclude the possibility tha magnitude of the environmental
dose rate plays a non-negligible role in the défgrsuitability of the Ti ages observed at the
two sites. It is probably not a coincidence tha Ti-H centre yields accurate dose estimate
in a low dose rate environment like Tourville-laviere (<1000 pGy/a for the layer D1),
contrasting with the high dose rate environmer®afto Maior (>3000 uGy/a), where the Ti-
H centre provides dose underestimation. Interelstirthe stratigraphically highest sample
studied by Demuro et al. (2020a, this volume) cofmas the very top of the Porto Maior
sequence and is much younger than the other sammhssdered in this study. This sample
yields a luminescence age of ~20 ka, but all ofEBR signals (Al, Ti-Li and Ti-H) display
much older age estimates. The Ti-H age is in ctosgeement with the luminescence age,
but still overestimates the latter by a factor bbat 2. Although this outcome might reflect
incomplete bleaching of the ESR signals, it coudm dlustrate the inability of all Al and Ti
signals to accurately determing f2alues <100 Gy in such a high dose rate environnidre
latter could be caused by the limited radiatiorsgesity of the ESR signals or by the use of a
somewhat inappropriate analytical procedure (séediscussion in Bartz et al., 2020, this
volume). Finally, Demuro et al. (2020a, this volyrpeovide a very interesting comparative
table summarizing published quartz dating studws have combined ESR and single-grain
TT-OSL methods. Unlike the Al centre, which freqtigryields overestimated ages in these
published comparisons, there is general agreenatwekn the Ti-Li (option D) ages and the

TT-OSL ages spanning the 200 ka and 1.1 Ma range.

Voinchet et al. (2020, this volume) took advantafehe intense volcanic activity in
Central and Southern ltaly during the Quaternaryptform a comparative Middle
Pleistocene dating study of several Lower to Middiaeolithic sites using both ESR and
Ar-Ar methods. However, this age comparison is amtstraightforward as it may seem at
first glance. Again, it must be borne in mind ttitese two methods utilise different materials
and do not date the same event, i.e., the lastsex@do sunlight for ESR vs the formation of
volcanic minerals for the Ar-Ar method. Therefotedhecomes essential to check whether the
volcanic minerals dated from the fluvial deposite @ primary position or have been
reworked from other deposits, as openly discusaedainchet et al. (2020, this volume).
Similar to Duval et al (2020, this volume), Bahainal (2020, this volume) and Bartz et al.

(2020, this volume), the authors used the MC amir@ad measured the signals from the Al,
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Ti-Li (option D) and Ti-H (option C) centres. Most the samples provide ESR ages that are
consistent with the Ar-Ar method, though with muahger errors. Consequently, this work
demonstrates that the ESR method may provide relades over the 300-700 ka time range.
Additionally, the authors identify possible satuwatof the Ti-H centre above 300-400 Gy,
which may thus represent the upper threshold fiighest dose value) that can be accurately
detected with this centre. Further investigationgusd, however, be carried out to evaluate
whether this saturation level is sample depend€oinchet et al. (2020, this volume)’'s
results show a clear correlation between high enwmrental dose rate (between 2000 and
4000 pGy/a) and underestimated Ti-H age estim#tesontrast, two of the three samples
collected from relatively low dose rate environnseft 1000 pGy/a) yield accurate Ti-H
estimates; the inaccurate result of the third sarbping most likely due to some issues with
the dose rate evaluation (i.e., unrelated to th €entre).

In contrast, the study by Bartz et al. (2020, thofume) focuses on a much younger
time period. This comparison study evaluates thterg@l of pIR-IRSL and MC ESR
methods to date Late Pleistocene deposits fromalcakivial fan complexes of the Atacama
Desert (Chile). As these deposits contain quarta umsuitable OSL properties (see e.g. May
et al., 2015), the application of other numericattimods is needed to obtain reliable
chronological constraints. Both the pIR-IRSL and BSR methods were therefore tested on
different types of deposits (marine, aeolian, matich debris-flow and clast-rich debris-
flow), resulting in generally consistent ages ftirbat the clast-rich debris-flow deposits.
Additionally, this study highlights the difficultseof achieving complete optical bleaching of
these sediments, which severely limits the usbé@® and Ti (option D) centres and instead
seems to favour the Ti-H centre in this context. aks aside, the authors also examined
optimisation of the acquisition parameters, giviea telatively weak Ti ESR intensities. In
particular, they compared two measurement proceduwasisting of either Al and Ti signal
acquisition using a single spectrum (e.g. simidavoinchet et al., 2020, this volume; Beerten
et al., 2020, this volume) or separate spectra (Dkval et al., 2020, this volume; Demuro et
al., 2020a & b, this volume). The second approaat the advantage of enabling specific
optimisation of the acquisition parameters for easmtre, but the measurements are
significantly more time consuming than with thesfimpproach. Regardless, Bartz et al.
(2020, this volume) show that both procedures ysadilar results for most samples. This
study also includes an interesting discussion efgbtential of the ESR method for reliably

dating Late Pleistocene deposits. The authors suimenareviously published results for this
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time range and reach the conclusion that the TigHas is probably the most appropriate in
this specific context. Owing to higher radiatiomsiivity and faster bleaching kinetics, the
Ti-H signal is best suited for detecting: [@stimates of a few hundred Gy. This signal,
however, seems to provide less accurate agesdbeh} values, which is consistent with
the observations by Voinchet et al. (2020, thisuam) and Duval et al. (2020, this volume).
Whichever ESR signal is selected, the detectiorsrofll D= values may also require
adjustment of the analytical procedures, by selgcsimaller dose steps, accumulating more
scans, and/or by employing a regenerative dosimpgoagh rather than an additive dosing

approach.

These latter observations may also apply to the &8Rg results presented by Beerten
et al. (2020), who test the MC approach on the-Plestocene white sands of the so-called
Mol formation (Belgium). Despite the fact that thating study is focused on a much older
time range than Bartz et al. (2020), the extrenehlyenvironmental dose rate (<200 uGy/a)
implies D= values of relatively limited sizes. Two sedimeatngles were collected and dated
by three different methods: ESR, OSL and CRN. Alttoboth the Al and Ti (options B and
E sensuDuval and Guilarte, 2015) centres yield consistestilts of around 5 Ma, they seem
to significantly overestimate the expected age,ctvhis stratigraphically constrained to
between 2.6 Ma and 3.6 Ma. This age bias is atgthto non-optimal bleaching conditions,
which led to incomplete resetting of the ESR signatior to sediment deposition. This
interpretation is consistent with the results pnése by Bahain et al. (2020, this volume) and
suggests that fluvial-estuarine environments arstrikely unsuitable for complete resetting
of Al and Ti (-Li) signals. In contrast to Bahaibh a. (2020, this volume), the Ti-H signal
(option C) was unfortunately not dated by Beerteal (2020, this volume) due to its weak,
and sometimes immeasurable, ESR intensity. Thisakigrould have been, in theory, the
most appropriate to use for this sample, giverfaisser bleaching kinetics and the expected
magnitude of the P estimates (a few hundred Gy), as shown by Bartal.et(2020, this
volume). However, it should be noted here thatetkact thermal lifetime of the Ti-H signal
is unknown; it therefore remains unclear whethexait provide accurate ages beyond a few
hundred thousand years. In comparison, both OSL @RIN methods vyield broadly
compatible, albeit younger than expected, ageshisrstudy: an OSL age estimate of about
1.5 Ma is obtained, while the burial CRN methodegiva minimum depositional age of
around 1 Ma on average (though with extremely laeg®rs, notably due to very low

cosmogeni¢°Al concentrations). Based on these relatively imjse results, the “true” age
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of the deposits is suggested to be between ~1.% @8 estimate) and ~5 Ma (ESR age
estimate). However, since the OSL signal is seelyingt in saturation and the method
apparently provides a finite age, an Early Plestacburial age of the Mol formation, which
had not been numerically dated previously, canmotrdasonably discounted. Importantly,
CRN concentrations measured in the Mol formatiaghlght an increase in erosion rates in

the last 0.5-1 Ma in the Belgian lowlands.

Richter et al (2020, this volume) test the accuratythe ESR dating method on
chronologically well-constrained Chinese loess dé@ppover a time ranging from about 30
ka to 620 ka. The authors employ an innovative @t based on the single-aliquot
regenerative dose (SAR) protocol. This is quitee rlor ESR dating, and especially for
optically bleached quartz (see also Beerten eR@06; Tissoux et al., 2008), given that dose
evaluations are routinely performed via the Mudiphliquot Additive Dose (MAAD)
procedure. The resultant ESR ages are in agreewigntindependent age control for the
250-350 ka time range (corresponding te &stimates of between 800 and 1000 Gy),
whereas they are overestimated and underestinhateéde <200 ka and >350 ka samples,
respectively. Interestingly, this pattern is coten$ with previous observations from Beerten
et al. (2006). While Richter et al (2020, this vak) interpret the age overestimation for the
younger samples as evidence of incomplete bleaddiitige Ti signal, it remains unclear why
this would only affect the younger samples. Thessults are broadly consistent with
previous observations showing the difficulty ofiably determining dose values of a few
hundred Gy using ESR signal (e.g., Bartz et al02@&s volume; Demuro et al., 2020a, this
volume), despite using a more appropriate doseuatiah method (SAR). The studies by
Bartz et al. (2020, this volume) and Demuro et(2020a, this volume) show that the Ti-H
signal (option C) could have been the most appatpsignal to evaluate the age of the <200
ka samples, given the magnitude of their expected<300 Gy). Unfortunately, the Ti-H
signal could not be isolated with the experimem@hditions employed by Richter et al
(2020, this volume). In contrast, the Ti ESR agetlie >600 ka sample is underestimated but
agrees with the independent loess chronology &fteng corrections. This seems, in the first
instance, somewhat inconsistent with the studiePbyal et al. (2020, this volume) and
Voinchet et al. (2020, this volume), for which noalje underestimation was observed for
samples of similar ages. Finally, major differene@s observed between the natural dose
response curves (DRCs) of the Al and Ti centresgmed by Richter et al (2020, this

volume) (and references therein), compared toaherhtory DRCs typically presented in the
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other studies. For the latter, the Al signal doestgipically show saturation at high doses,
whereas the Ti signals options D and C tend tohresgparent saturation (i.e., a local
maximum) around 10 and 6 kGy, respectively (e.grtBat al., 2020, this volume). In
summary, the study of Richter et al. (2020, thiture) raises a series of key questions
regarding the Ti signal and its ability to providecurate burial dose estimates. Although
some of the observations seem to contradict otbaclasions presented in this Sl, these
differences may simply reflect dissimilar analytipeocedures and experimental conditions.
It is presently not known how the latter may impa8&R dating results (e.g., MAAD vs SAR;
grain size: 100-200 um vs 63-10f), particularly as there are also uncertaintigaring
the sample-dependent nature of certain ESR prepgefti.g. radiation sensitivity, saturation
level, etc.) (see also Demuro et al., 2020b, toisime). That said, there are signs that the
main source of the disparity likely lies in the w#y Ti signal intensities have been
evaluated by Richter et al. (2020, this volume)e Télatively high measurement temperature
(123 K), for instance, precluded acquisition of EfeR spectrum with sufficient resolution to
differentiate the Ti-Li from the Ti-H lines. Consgntly, a mixture of option C and Bgnsu
Duval and Guilarte, 2015) intensities have beenswem, unlike the majority of the other
studies in this SI. This factor severely limits repiblation or direct comparison with other
ESR studies that have employed different Ti cemtiensity evaluations. The corresponding
overall bias that has potentially been induced lhgsé¢ specific experimental setup and
analytical procedure would benefit from furtherestigation.

Finally, the last ESR quartz application of this(Bemuro et al., 2020b, this volume)
presents a novel characterisation study to invatithe possible relationships between ESR
and luminescence signals. This study focuses orsetof samples from Middle Pleistocene
archaeological sites in Spain (dated to 200-300Which were known from previous studies
to display very different ESR and luminescence erides (Arnold et al., 2016; Duval et al
2017b; Méndez-Quintas et al., 2018). The authacesgnt a very detailed dating comparison
using the MC ESR approach (with Ti signal measto#dwing options A, C, D and Bensu
Duval and Guilarte, 2015) and single grain TT-O8thniques. While the Ti centre (option
D) ages are in agreement with the luminescencdtsestuone site (Porto Maior), a distinctly
different pattern is observed at Cuesta de la Bajaith the Ti-H (option C) results agreeing
with the independent age control and the Ti (opfigrresults yielding age overestimates. It
is possible that the magnitudes of the environneltise rates again play a significant role in

these differences. The underestimation of the Hgds at Porto Maior may be attributed to

15



490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513

514
515
516
517
518
519
520
521
522

signal saturation due to the high dose rate enmient at the site (>3000 uGy/a; see Demuro
et al., 2020a, this volume). In comparison, thelltesat Cuesta de la Bajada demonstrate that
the Ti-H signal can provide accurate dose estimape® about 600 Gy, despite the dose rate
being not especially low (about 2000 pGy/a) comghdoeother environments studied in this
Sl (e.g. Bahain et al., 2020, this volume; Beegeml., 2020, this volume; Voinchet et al.
2020, this volume). Importantly, Demuro et al. (@B2this volume) take the comparative
study further by using a wide array of novel tequeis to characterise the ESR and
luminescence properties of their samples. Among@rothsults, it is shown that the quartz
samples from Cuesta de la Bajada contain a mudtehgroportion of grains producing TT-
OSL signals, as well as much brighter TT-OSL sighabmpared to those from Porto Maior.
Analyses of 3D thermoluminescence (TL) spectraaktraat the Cuesta de la Bajada samples
are dominated by two major TL peaks in the red simisband, which are up to seven times
more intense than the corresponding signals obdeime Porto Maior. Additionally, the
Cuesta de la Bajada samples exhibit exception&lbng Ti-H intensities, which seem to
correlate with higher Ti contents for these paticuquartz extracts. The strong Ti-H
intensities have a direct impact on the compositbthe Ti signal that is being measured:
while option D measured on the Cuesta de la Bagataples is typically a mixture of
contribution from Ti-Li and Ti-H signals, the lattkas a negligible influence on the Option D
signal from the Porto Maior sample. At Porto MaiGption D is largely dominated by the
Ti-Li contribution, and therefore does not suffesrh the same signal mixing complications.
Further investigations are still required on a widege of quartz from different origins and
age ranges, but the study by Demuro et al. (2080b,volume) is an important first step
towards better identification and definition of tleherent properties that make quartz
samples suitable for luminescence and ESR dating.

Collectively, these eight quartz application stgdoever a wide range of sedimentary
environments (e.g., estuarine, fluvial, loess, taaalluvial fan) and chronologies (from the
Pliocene to the Late Pleistocene). They provideuaprecedented amount of comparative
data that undoubtedly contributes towards betténidg the potential and limitations of the
ESR quartz dating method. The results of thesdestudchderscore how the development of
the MC approach a couple of decades ago by Toybda @000) was a major breakthrough
for the ESR quartz dating method. The works alsawsthat the various Al and Ti signals
display different radiation sensitivities, satuoati levels, bleaching kinetics and ESR

intensities, ensuring they have different suitébsi depending on the time range being

16



523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541

542
543
544
545
546
547
548
549
550
551
552
553
554
555

considered and the magnitude of the burial dosgether, the various studies of this Sl
provide several new insights into the potentiathe different ESR signals. The Ti-H seems
more suitable for samples <200 ka or to evaluatee®imates <300-600 Gy (Bartz et al.,
2020, this volume; Bahain et al., 2020, this voluBemuro et al., 2020b, this volume).
Between 200 ka and 750 ka, several of the stuties shat Ti-Li (option D) ages are mostly
in agreement with independent age control, whitkeAhresults are either consistent with, or
overestimate, available age control (e.g. Demural.e2020a and b, this volume; Duval et
al., 2020, this volume; Richter et al., 2020, tndéume; Voinchet et al., 2020, this volume).
However, in case of low dose rate environments pthesibility remains for using the Ti-H
centre to date early Middle Pleistocene sampléspagih the exact thermal lifetime of this
signal is currently unknown. Other recent workséhalso demonstrated that the combination
of Al and Ti signals could provide accurate agegbd the Middle Pleistocene, over the 1-2
Ma time range (e.g., Bartz et al., 2018; Sahnotial.e2018). Additionally, it should also be
kept in mind that apparent agreement between Ti An&SR age estimates should not
necessarily be considered as evidence for accues@ts. Both signals could well be
overestimating the true age, as well illustrated Bgerten et al. (2020, this volume).
Nevertheless, all these studies directly or indiyeadvocate the systematic use of the MC
approach, which should, in our opinion, be congideas a minimum requirement for any

gquartz ESR dating study, as proposed by Duval. 2@l 7a).

These eight contributions also highlight the médmallenges currently facing the ESR
field. In particular, the method would undoubtedignefit from the development and
increased use of new analytical procedures for @ssduation. The study by Richter et al.
(2020, this volume) is very important in that rejafhe SAR and MAR procedures offer a
series of advantages over the routinely-employedARAapproach, as they require a much
smaller amount of material and should lead to npexise R estimates (because the D
estimates are determined via interpolation ratlman textrapolation of the DRCs). The
absence of standardization in analytical protoc®lanother significant issue that currently
complicates attempts to directly compare ESR resakross different studies. Each
laboratory has its own best practice and thereoisgeneral agreement on measurement
conditions, signal evaluation or procedures of dataction. In particular, there is a disparity
in the way the Ti signal has been measured betteedifferent studies included in this SlI,
which may prove to be a major barrier against frtdevelopment of the MC approach
going forward. Beerten et al. (2020, this volume&asure the Ti (ESR absorption line 2) and
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Ti-Li (ESR absorption line 1) signals following amts B and EsensuDuval and Guilarte
(2015), respectively. In comparison, the other ista@mploy options C (Ti-H) and D (which
is, most of the time, a mixture of Ti-Li and Ti-dee Demuro et al., 2020b, this volume)
sensuDuval and Guilarte (2015), with the exception o€tRer et al. (2020, this volume).
Due to limited spectrum resolution, the latter authcould not differentiate Option C and D
Ti signals, which appeared as a single peak ane Wers measured as a combination. It is
presently unknown what impact this issue may havelTbcentre dating results, thereby
impeding direct comparisons between studies. Taertal conditions of signal measurement
also vary significantly between laboratories: measwent temperatures of about 90 K (Duval
et al., 2020, this volume; Bartz et al., 2020, thidume; Demuro et al., 2020a & b, this
volume), 100 K (Voinchet et al., 2020, this volurBeerten et al., 2020, this volume), 107 K
(Bahain et al., 2020, this volume) and 123 K (Reclgt al., 2020, this volume) have been
employed, which has direct consequences on speatesolution, as mentioned earlier.
Some research groups routinely perform severaltiootw of the sample tube before
successive measurements in order to take into at¢be angular dependence of the ESR
signal (e.g. Bartz et al., 2020, this volume; Ractdt al., 2020, this volume; Voinchet et al.,
2020, this volume). The magnitude of this dependevaries among samples (and most
likely among laboratories as well) and may somesifpe significant (see Duval and Guilarte,
2015). More importantly, repeated measurement suecessive days is unfortunately not a
common practice among ESR laboratories, despitéatitehat temporal repeatability may be
a major source of uncertainty. Indeed, the sigaifae of proper evaluations ofgD
measurement uncertainties remains underestimatie iliterature. These uncertainties most
likely result from a variable combination of facpincluding the short- and long-term drifts
of the spectrometer, the heterogeneity of the gusaimples, imperfections in the glass
tubing, and some variability in the vertical pawmitiof the sample within the cavity (e.qg.
Guilarte and Duval, 2020). AlthougheDepeatability does not surpass 5-10% under ideal
circumstances, it can sometimes exceed 20% witle samples showing especially low ESR
intensity and/or significant heterogeneity, resgtiin highly variable measurements (see
examples in Bartz et al., 2020, this volume; Dugtlal., 2020, this volume). This can
therefore explain inconsistent or inaccurate adesot adequately captured in empirical
evaluations. Similar to other numerical dating noef) there is a need to develop objective
criteria for evaluating the quality of ESR datasdtsthe first instance, the repeatability of
ESR intensity measurements and of Bstimates, as well as goodness-of-fit, could be

considered good proxies to evaluate the methodmbgeliability and robustness of ESR
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datasets. The quartz dating studies from this 6dest illustrate the diversity of analytical
procedures employed within the ESR community, agtilight the need for standardization

of laboratory practices.

3.4. Other materials

This Sl includes two further contributions involgiieSR dating of mollusc shells. First,
Molodkov (2020, this volume) presents a selecteshaew of his long-term research into the
Late Pleistocene sedimentary record of the Eura&ratic region. In particular, the author
provides the detail of about 60 ESR ages obtaimedifferent species of (mostly marine)
mollusc shells with associated independent age raorderived from luminescence,
radiocarbon and U-series methods. In comparisohgelBeann et al. (2020, this volume)
examines terrestrial molluscs (mostly shells of Ishaad snails) from late Middle to Late
Pleistocene loess and fluvial deposits in the BawaAlpine Foreland (Germany), with
independent age control being provided by lumineseeand radiocarbon methods. Beyond
the useful age constraints provided by these datpplications, both studies are of special
interest for the present SlI, illustrating the greatential of less routine ESR dating
applications. Despite a few local discrepanciesstnod the ESR dating results appear to be
consistent with the available independent age obnfhese results demonstrate the accuracy
of ESR mollusc shell dating applications over ae agnge spanning from MIS7 to the
Holocene. Interestingly, both studies reach a simdonclusion that the use of different
species of mollusc shells does not induce any fsignit bias, with the calculated ages being
within error of each other regardless of the chaggeries. This important outcome implies
that different species could be mixed togethehdre is insufficient material available for

analyses at a given site.

One of the major questions regarding the suitgtolitmollusc shell dating is whether this
material may be considered as an open system &mrids evaluation, as with tooth enamel.
Since the ESR age calculations by Schellmann e28R0, this volume) and Molodkov
(2020, this volume) have been mostly performed qusive Early Uptake (EU) model (=
assuming a closed system), the overall consistantty independent age control for both
studies may be considered as indirect evidencethleatajority of mollusc shells behave as
closed-systems. Molodkov (2020, this volume) albseove that the U content of mollusc
shell is on average 0.8 + 0.7 ppm for 95% of theas, and 0.5 + 0.4 ppm for 82% of the
samples (n~460 shells). According to the authoexpectedly high uranium concentrations
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beyond this range may generally be considered idemse supporting recent uranium uptake
processes, and thus non-closed system behaviduelngann et al. (2020, this volume) also
observe relatively limited U concentrations in $helvhich do not exceed 0.5 ppm for most
cases (70%), and are >1 ppm for only 10% of thepgas(n=20). The resultant internal dose
rates contribute relatively little to the total éosate (<6%) for most samples (95%),
consistent with the observations of Molodkov (20215 volume) (9% of the total dose rate
on average from all the samples analysed). As aeatprence, for all samples analysed by
Schelmann et al. (2020, this volume), the EU-ES®R la-ESR ages are within error of each
other, and the final ages do not differ by morentthka for 90% of the samples. It therefore
seems that the closed-system assumption may benadde for most of the mollusc shells

considered in these studies.

The final contribution to this Sl is by Schieleiha. (2020, this volume), who present
the results of an original ESR dating applicationcoral samples from Cuba. This type of
application was quite popular in the 1990s but pesgressively disappeared with the
development of mass spectrometry techniques theg akbowed rapid and high-precision U-
series dating of coral, with the need for minimumoant of sample material. Nevertheless,
ESR can be particularly useful when the corals belss open systems, which may be an
increasingly significant issue when studying olderals. In this latest study, the ESR ages
are calculated using the EU model, and the validitythe closed-system assumption is
supported by apparent consistency with U-series &gemost of the samples. There are,
however, discrepancies between the two methodsdore of the samples. This may be
related to recrystallization issues or dose ratduation, but it could also be due to uranium
leaching in cases where the apparent U-seriessagldar than the EU-ESR results. Although
the analytical procedure for ESR coral dating mseticonsuming and results in less-precise
ages compared to the U-series method, it can rnmless help to cross-check and evaluate
the reliability of the apparent U-series datinguitss as this study by Schielein et al. (2020,

this volume) nicely illustrates.

4. Conclusion

It is perhaps fitting, albeit purely coincidenttiiat this Sl is being published on the
45" anniversary of the first ESR dating applicationlkgya (1975), and also in the year of
retirement of Prof. Rainer Griin, undoubtedly onéhefmajor contributors to the field. These

noteworthy events provide added historical backsitapthe significance of this SI. Beyond
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the scientific interest of each contribution, tHep®vides a unique opportunity to look back
and appreciate the evolution of the ESR method thestast four decades, and it represents

one of the few historical testimonies availabletfoer ESR dating community (and beyond).

This Sl provides a representative overview of theent state-of-the-art of the ESR
method and its usefulness as a numerical datingféodQuaternary studies. Though ESR
cannot yet compete with other well-establishedamditric methods such as radiocarbon, Ar-
Ar, or U-series in terms of reliability and preasj it can nevertheless be considered as a
credible dating tool for many settings and age eand his is nicely demonstrated in the
present Sl by the numerous dating studies that acengSR results with independent age
control. The versatility of ESR dating makes itseful “alternative” method in many context
considered problematic for other dating techniguegan, for instance, offer advantages
(although with less precision) over: (i) radiocarbavhen a fossil preserves insufficient
organic material or is older than 50 ka; (ii) Ar;Avhen dating Pleistocene sediment that do
not contain volcanic material; (iii) luminesceneghen dating Early to Middle Pleistocene
deposits that lie beyond the practical limits ofneentional OSL or extended-range
luminescence approaches; (v) U-series, for anys®leene materials showing open-system
behaviors (e.g., carbonates, teeth, corals, shelfg); (vi) CRN burial dating, for dating
Pleistocene deposits that have insufficient ovetbarthicknesses or complex sedimentary
recycling histories. Collectively, the works of ghtl contribute towards resolving some of
the questions surrounding the reliability, reprability, and accuracy of the ESR dating

method, which are commonly raised within the comityusf Quaternary scientists.

For ESR to become a widespread reference techfoguU@uaternary research, it now
appears imperative that progress is made towardsiniagp a minimum level of
standardization for the two most popular ESR da#pglications (fossil tooth enamel and
qguartz), which are routinely employed by severddofatories around the world. Some
attempts have been made in this regard for ESRrdptating (e.g., Grun, 1992; Duval et al.,
2020) but this cannot be achieved without the gufpport of the ESR dating community and
the peer-review journals. This ESR community iswtreély small (see a non-exhaustive list
in Table 3) but has been experiencing a substametiedwal in numbers over the last decade.
In particular, two historically significant instiions in the field, McMaster University
(Canada) and The Australian National University tkalia) have progressively disappeared
from the map, with the successive retirements ofS?Henry P. Schwarcz, Jack W. Rink and

Rainer Grin. These losses in expertise have bempeatsated by the recent appearance of
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new research groups, such as those based at Soufltess University and Griffith
University (Australia), BakeBolyai University (Romania) and the University lohusanne
(Switzerland), among others. The changing compmosiind geographic focus of the ESR
community provides a timely opportunity to developw laboratory inter-comparison
programs with the aim of (i) enabling full disclosuof analytical procedures and (ii)
permitting proper and systematic evaluations oéptial laboratory biases. Such an initiative
would also act to strengthen collaborative linksMgen research groups. Unfortunately, only
a few attempts at inter-comparison studies have besde so far — primarily those related to
ESR dating of carbonates (e.g. Barabas et al., a883eferences therein) a few decades ago,
and similar initiatives organised on a more reguiasis by the community of specialists
working on retrospective dosimetry of modern toahamel (Wieser et al., 2005 and
references therein). However, we are not awarengfiter-comparison programs related to
fossil tooth enamel and quartz grains. In this regthe studies by Bahain et al. (2020, this
volume) and Duval et al. (2020, this volume), tbgetwith the study by Dirks et al. (2017),
are probably the closest examples of relevant &iboy inter-comparison initiatives,
although they cannot be strictly considered as qumhse Owing to its long history,
demonstrated usefulness and strong (partly uneeBligpotential, we conclude that a
concerted, community-wide effort is needed towastEndardization of the ESR dating
method in the near future. Such an initiative woultoubtedly contribute to raise ESR
dating to the level of other well-established radetric methods in Quaternary

geochronology.

Table 3 approx. here
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Table 1.

Study Leading I nstitution Material Agerange Independent age
control (material)

#1 | Falguéres et | Museum national n/a n/a n/a
al. (2020, this | d’'Histoire naturelle,
volume) France

#2 | Grin (2020, Griffith University, n/a n/a n/a
this volume) | Australia

#3 | Azevedo et al.| Universidade Federal de Fossil teeth second half gf OSL (quartz) and
(2020, this Pernambuco, Brasil the Late radiocarbon (carbonate
volume) Pleistocene concretions)

#4 | Richard et al. | Université Bordeaux- | Fossil teeth second half df U-series (flowstone) &
(2020, this Montaigne, France & the Late radiocarbon (bones)
volume) Museum national Pleistocene

d’Histoire naturelle,
France

#5 | Ben Arous Museum national Fossil teeth second half gf OSL (quartz)
(2020, this d’Histoire naturelle, the Late
volume) France Pleistocene

#6 | Bahainetal. | Museum national Fossil teeth late Middle ESR (fossil teeth and
(2020, this d’Histoire naturelle, and Quartz Pleistocene quartz)*
volume) France grains

#7 | Duval et al. Griffith University, Quartz grains early Middle | ESR (quartz), single-
(2020, this Australia & Centro Pleistocene grain TT-OSL (quartz),
volume) Nacional de TCN (quartz),

Investigacion sobre la palaeomagnetism
Evolucién Humana,
Spain

#8 | Demuro et al. | University of Adelaide, | Quartz grains late Middle- | Single-grain TT-OSL
(20204, this Australia to-Late (quartz)
volume) Pleistocene

#9 | Voinchet et al.| Museum national Quartz grains Middle Ar-Ar (sanidines or
(2020, this d’Histoire naturelle, Pleistocene | feldspathoids leucites)
volume) France

#10 | Bartz et al. University of Cologne, | Quartz grains Late pIR-IR (K-feldspars)
(2020, this Germany Pleistocene
volume)

#11 | Beerten et al. | Belgian Nuclear Quartz grains Plio- OSL (quartz) and TCN
(2020, this Research Centre, Pleistocene
volume) Belgium

#12 | Richter etal. | Leibniz Institute for Quartz grains Middle-to- loess chronology
(2020) Applied Geophysics, Late

Germany Pleistocene

#13 | Demuro et al. | University of Adelaide, | Quartz grains late Middle | Single-grain TT-OSL
(2020b, this Australia Pleistocene (quartz),
volume)

#14 | Molodkov Tallinn University of Marine Late IRSL (K-feldspars),
(2020, this Technology, Estonia mollusc shells | Pleistocene | time-resolved OSL
volume) (quartz), U-series

(mollusc shells)

#15| Schellmann et| University of Bamberg, | Land snail late Middle OSL(quartz), IRSL (K-
al. (2020, this | Germany shells Pleistocene to| feldspars), radiocarbon
volume) (Gastropods) | Holocene (land snail shells)

#16 | Schielein et al.| University of Bamberg, | Corals late Middle- | U-series (corals)
(2020, this Germany to-early Late
volume) Pleistocene
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Table 2.
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Jean-Jacques Bahain Fei Han
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Koen Beerten
Bonnie B. Blackwell
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Matthieu Duttine
Mathieu Duval

Renaud Joannes-Boyau
Angela Kinoshita
Chun-Ru Liu

Marco Martini

Norbert Mercier
Veronique Michel

Anatoly Molodkov
Davinia Moreno
Ulrich Radtke
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Mailys Richard
Gilles Rixhon
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Qingfeng Shao

Anne Skinner
Xuefeng Sun

Alida Timar-Gabor
Hélene Tissoux
Shin Toyoda
Sumiko Tsukamoto
Pierre Voinchet

Table 2: Reviewers involved in the present Special Issue.
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Table3

Continent | Institution Main members Main speciality
America McMaster  University, H.P. Schwarcz (retired),Fossil tooth enamel, quartz
Canada J.W. Rink (retired)
Williams College, USA | A. Skinner, B. A. B.Fossil tooth enamel, mollusc
Blackwell shells
South Universidade de S&o0. Baffa, A. Kinoshita Fossil tooth enamel
America | Paulo, Brasil
Europe University of Cologne,M. Bartz. C. Burow Quartz
Germany
University of Bamberg G. Schellmann, A.Mollusc shells, corals
W) Germany Schielein
Leibniz Institute for| S. Tsukamoto, M| Quartz
Applied Geophysics, Richter
Germany
Museum nationa) C. Falgueres, J.-J Fossil tooth enamel, quartz,
d’Histoire naturelle, Bahain, P. VoinchetM. | calcite
France Richard, E. Ben Arous
Bureau de Recherche$#l. Tissoux, |. Serint Quartz
Géologiques et MinieresTuikalepa
(BRGM) @, France
Centro Nacional deM. Duval, D. MorenoyV. | Fossil tooth enamel, quartz
Investigacion sobre laGuilarte
Evolucion Humana
(CENIEH), Spain
Tallinn  University of| A. Molodkov Mollusc shells
Technology, Estonia
University of Lausanneg,G. King, M. Bartz Quartz
Switzerland
Babe-Bolyai A.Timar-Gabor, K.| Quartz
University, Romania Benzid
Asia Nanjing Normal Q. Shao Fossil tooth enamel
University, China
China EarthquakeY. Gongming, C. Liu, F| Fossil tooth enamel, quartz
Administration, China | Han
Cold and Arid RegionsJ. Zhao Quartz
Environmental and
Engineering  Researgh
Institute, China
Institute  of Tibetan C. Yi Quartz
Plateau Research®),
China
Okayama university, S. Toyoda Quartz, barite, tooth enamel
Japan (dosimetry)
Oceania The Australian NationgRainer Grun (retired) Fossil tooth enamel

University, Australia

Southern Cros
University, Australia

sRenaud Joannes-Boyau

Fossil tooth enamel

Griffith University,

Mathieu Duval & Raine

r

Fosgiboth enamel, quartz
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| Australia | Griin (retired)

Table 3: Non-exhaustive overview of the main ESihgld&Research Groups. The information indicated
in the table is based on the authors’ personal Kedge, in combination with the information collettEom
recent peer-reviewed publications. Consequentlyaalnowledge that the information displayed in tiaisle
may not be fully accurate, or complete. Key: Ifidtg early-career researchers who may have regemibved
to other institutions® The ESR measurements are usually performed at thestsity of Cologne® The ESR
measurements are usually performed at the Museutioneh d’Histoire naturelle;® The ESR measurements

are usually performed at the China Earthquake Adstriation.
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Figure 1. Evolution with time (by decade) of thestrmopular ESR dating applications since 1980, esped by
number of publications (left), and comparison wvilte present Sl (right). Source: Scopus search G2020)
based on the selection of journals that have tradally included ESR dating studies: Quaternary
Geochronology (data available since 2006), Quateyns&cience Reviews (since 1982), Quaternary
International (since 1989), Journal of Human Evaut(since 1972), Radiation Measurements [includiing
former Nuclear Tracks and Radiation Measurementdgerhational Journal of Radiation Applications and
Instrumentation. Part D. Nuclear Tracks and RadiatiMeasurements; Nuclear Tracks and Radiation
Measurements (1982)] (since 1982). Note: (i) thegra from the present Sl that have been availahlm®
before 2020 have not been included in the left lardgut only in the right graph; (ii) The ESR datistdy by
Bahain et al. (2020, this volume) includes applimas to both fossil tooth enamel and quartz graargd has
thus been counted twice in the right graph; (ii) dontrast, the historical review papers by Grif2@, this
volume) and Falguéres et al. (2020, this volumejeh@ot been included in the right graph.
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