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Quartz optically stimulated luminescence (OSL) dating has been applied to sandy beach ridge systems
from the Magdalen Islands in the center of the Gulf of St. Lawrence (Quebec, Canada) to provide the ﬁrst
chronological framework for these features. Nineteen beach ridges (22 samples) from four different sites
throughout the archipelago were investigated. At one of the sites, samples were taken at 9 m and 7.5 m
depth using a vibracore. The quartz is dominated by the fast OSL component and a single-aliquot
regenerative-dose (SAR) protocol was used to measure the equivalent doses; a low preheat (180 C/
10 s) was chosen to avoid the inﬂuence of thermal transfer. The average dose recovery ratio of all samples
is 1.02 ± 0.02 (n ¼ 130) suggesting that the SAR protocol works satisfactorily on this material. The OSL
ages are internally consistent and supported by independent age control (radiocarbon). The OSL ages
indicate that the ridges were built between 2.6 ± 0.2 ka and 0.40 ± 0.10 ka, i.e. during a period of sea level
rise. This rise eroded adjacent sandstone cliffs, which contributed a signiﬁcant sediment supply to the
littoral drift and beaches. Some low-lying coasts in the archipelago are still prograding, despite a relative
sea level increase of ~1.6 mm/a over the last 600 years. The late Holocene ages obtained in this study
indicate that these processes have been active for at least the past two thousand years. This study
demonstrates for the ﬁrst time that OSL dating using quartz has great potential in this area, and is an
appropriate method for establishing precise chronologies for coastal sediments in this region of the Gulf
of St. Lawrence.
© 2015 Elsevier B.V. All rights reserved.
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1. Introduction
The Magdalen Islands lie in shallow water (<100 m) near the
center of the Gulf of St. Lawrence, halfway between Prince Edward
Island and Newfoundland in eastern Canada (Fig. 1A). Sandy beach
ridges are found at ﬁve locations on the sandy causeway connecting
the bedrock islands. Such beach ridge systems are regarded as
providing a promising record of Holocene paleo-coastlines (e.g.,
Otvos, 2000; Scheffers et al., 2012). Here we use ‘beach ridge systems’ in the terminology of Scheffers et al. (2012) to describe the
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different complexes of beach ridges, which can be of various morphodynamic origins (Taylor and Stone, 1996). These geomorphic
features contain archives of the processes involved in the evolution
of low-lying coasts, including records of sea-level, sediment supply,
climate (including storm events and paleo-wind direction regime),
wave energy and related littoral drift, etc. (e.g., Otvos, 2000, 2012;
Bristow and Pucillo, 2006; Stutz and Pilkey, 2011).
On the Magdalen Islands, despite the presence of indicators of
Holocene sea level changes, no local relative sea level (RSL) curve is
available. Nevertheless, a RSL rise of 3 m over the last 2 ka has been
suggested using an analysis of terrestrial environments and trees in
living position, but now located in the intertidal zone (Juneau,
2012). This rise corresponds to an average of 15e20 cm/century
in the last two millennia, with a peak of 34 cm/century during the
last century. One consequence of this recent acceleration in sea
level rise is that 70% of the coastline is currently at risk of erosion
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Fig. 2. Examples of sample location and sampling. A) Les Sillons site (OSL40 and its backup). B) Grosse-^Ile site (OSL39 and its backup). C) Les Sillons site (OSL40, OSL41, and the
coring site IDLM13-0707A and 0707E). D) PTE site (OSL37 and OSL38). The backup samples were not used.

and submersion (Bernatchez et al., 2008, 2012). It is thus very
important to understand past and present RSL in order to generate
accurate projections and develop appropriate adaptation strategies
against these hazards. Dating of the beach ridge systems located on
the Magdalen Islands has previously not been undertaken; the
development of such a chronology would enable: (1) a spatiotemporal reconstruction of the coastline at the local scale, and (2)
an understanding of geomorphological responses to Holocene RSL
changes, allowing accurate predictions of future responses.
OSL dating of features such as beach ridges has been the subject
of numerous studies in the last decade and have shown that standard multi-grain quartz SAR OSL dating can yield accurate results
(e.g., Murray-Wallace et al., 2002; Argyilan et al., 2005;
Clemmensen et al., 2012). In eastern Canada, however, such analyses have not been carried out as a consequence of the observed
low yield of sensitive quartz in sediment from mainland glaciated
Quebec (Lamothe, 2015).
In this pilot study, we investigate the feasibility of developing
the ﬁrst numerical chronology for the beach ridge systems of the
Magdalen Islands, and so derive new insights into late Holocene sea
level change on the northeastern coast of North America. We begin
by documenting the luminescence characteristics of quartz grains
extracted from beach ridges on the Magdalen Islands and present a
luminescence chronology for these geomorphological features. This
new dataset is the ﬁrst major contribution to a detailed chronology
of the beach ridge systems on the Magdalen Islands.
2. Samples, methodology and luminescence characteristics
Twenty two OSL samples were collected from 19 beach ridges at
ﬁve different sites throughout the archipelago: Havre-aux-Basques
(HAB), Les Sillons, Grosse-^Ile, Pointe-de-l’Est (PTE), and Plaisance
(Fig. 1BeF). Except for the Grosse-^Ile site that is isolated from current coastal dynamics, these sites are located in convergence zones
of the main longshore drift (Fig. 1B). All samples were collected by
hammering opaque 5-cm diameter plastic tubes 30 cm into both
outcrops and pits. At HAB, Les Sillons and Grosse-^Ile (Fig. 1CeE),
samples were collected from 60 to 100-cm depth in pits dug on top

of two, seven and four ridges, respectively (Fig. 2A and B). At PTE
(Fig. 1F), the four ridges sampled were exposed in outcrops
(Fig. 2D). At Les Sillons (Fig. 1D), one ridge was exposed in an
outcrop; the base and the top of the outcrop were sampled to
investigate the feasibility of dating the formation of the ridge at the
outcrop scale. At Les Sillons, a vibracore (WINK) was used to obtain
samples at 9 m and 7.5 m depth (Fig. 2C) using a light-proof liner. At
Plaisance (Fig. 1C), one sample was taken from a recently-deposited
beach ridge to test the degree of bleaching in this type of environment on the Magdalen Islands.
All OSL samples were prepared under subdued orange light. The
outer ~5 cm ends of all tubes were used for water content determination and dose rate analysis. Samples were wet-sieved and the
180e250 mm fraction was etched with 10% H2O2, 10% HCl, and 10%
HF in the usual manner. Heavy liquid separation (2.58 g/ml) was
used to isolate quartz grains. Finally, the quartz-rich extract was
etched using concentrated HF (40%) for 1 h to remove any
remaining feldspar and to remove the outer alpha irradiated layer
from the quartz grains.
All measurements were carried out using a Risø TL/OSL reader
(model DA-20) equipped with blue LEDs (~80 mW/cm2) and
infrared (IR) LEDs (~135 mW/cm2) (Thomsen et al., 2006). The
sand-sized quartz grains were mounted on 8 mm diameter stainless steel discs using silicone oil. The single-aliquot regenerativedose (SAR) protocol (Murray and Wintle 2000, 2003) was used for
all equivalent doses (De) determination. Quartz aliquots were
stimulated using blue light at 125  C (90% power) for 40 s. The De
values were calculated using the ﬁrst 0.32 s of OSL and a background of 0.32e0.64 s (Cunningham and Wallinga, 2010) to minimize any possible contribution of non-fast components. However,
because our samples are dominated by the fast component (see
Fig. 3A), dose estimates are relatively insensitive to the background
interval chosen. Prior to OSL measurement, the purity of the quartz
subsamples was conﬁrmed by an OSL IR depletion test (Duller,
2003); all samples had OSL IR depletion ratios within 10% of
unity, indicating that there was no signiﬁcant contribution from
feldspar or other IR-responsive components to the blue-stimulated
OSL signal.

bec, NB ¼ New Brunswick, PEI ¼ Prince Edward Island, and NL ¼ Newfoundland
Fig. 1. A) Location of the Magdalen Islands in the Gulf of St. Lawrence and Eastern Canada. QC ¼ Que
B) Location of the sampling sites on the Magdalen Islands. Arrows correspond to the direction of the main longshore drift. CeF correspond to LiDAR imagery where white stars
represent sampling locations; legend in 1F is valid for all of them. C) HAB site. The black star represents sampling location of a recently deposited beach ridge (Plaisance site; OSL87).
D) Les Sillons site. E) Grosse-^Ile site. F) PTE site.
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Fig. 3. A) SAR growth curve from sample OSL43 (Les Sillons site). Regenerated signals are shown as ﬁlled circle, opened circle represents recycling ratio and open triangle
recuperation. Inset shows a typical natural OSL decay curve from the same sample together with a decay curve of an aliquot of calibration quartz (dashed); a background signal from
the end of the stimulation curve has been subtracted before normalisation. The sensitivity corrected natural OSL signal is interpolated onto the growth curve to give the equivalent
dose (in this case De ¼ 1.09 Gy). B) Thermal transfer (sample OSL43); equivalent dose is plotted against increasing preheat temperature for a set of aliquots that had ﬁrst been
bleached by blue light at room temperature. C) Preheat plateau (sample OSL43); equivalent dose is plotted against eight different preheat temperature. Closed circles represent
blue-light stimulation and open circles post-IR blue stimulation. The dashed line is guide showing the average 160e220  C. D) Summary of dose recovery data for the 22 samples
measured with preheat of 200  C for 10 s and cut-heat of 160  C (n ¼ 130).

A typical sensitivity corrected growth curve is given in Fig. 3A,
with a natural OSL stimulation curve shown inset, together with a
curve from a quartz calibration standard (Hansen et al., in press).
The strong fast-component dominated signal is in marked
contrast to the insensitive quartz often found in other eastern
Canadian sediments. The effects of thermal pre-treatment were
tested using a thermal transfer plateau (on laboratory bleached
sample) and a preheat plateau (Fig. 3B and C). These data suggest
that preheat temperatures of 200  C will avoid signiﬁcant
thermal transfer. The preheat plateau was also measured using a
post-IR blue protocol (opened symbols); the results further
conﬁrm that feldspar contamination does not affect our De
estimates.
The average recycling ratio is 1.02 ± 0.01 (n ¼ 550) and the
recuperation is always less than 10% of the test dose (see also
Fig. 3A for a typical example). A dose recovery test was carried out
on 6 aliquots of each sample by blue-light bleaching for two periods
of 40 s at room temperature, separated by 10 ks pause, giving a
laboratory dose, and then measuring this dose using a preheat of
200  C for 10 s, and a cut-heat of 160  C. The given dose was of
5.1 Gy and the mean dose recovery ratio is 1.02 ± 0.02 (n ¼ 130)

(Fig. 3D), conﬁrming that the chosen SAR protocol is suitable for
these samples.
For dose rate determination, approximately 250e300 g of the
light-exposed material was dried, ground and ignited (24 h at
450  C) and subsequently cast in wax in a ﬁxed cup geometry. After
three weeks of storage, the cups were counted on a high-resolution
gamma spectrometer for at least 24 h, following Murray et al.
(1987). The cosmic ray contribution is derived following Prescott
and Hutton (1994), and the burial depths given in Table S2.
Finally, an AMS 14C age obtained on plant fragments from a basal
swale peat provides some independent age control; this was calibrated using the CALIB 7.0 program with the INTCAL13 calibration
dataset (Reimer et al., 2013).
3. Results
3.1. Dosimetry
Radionuclide activity concentrations, water contents, dry dose
rates and total dose rates are given in Table S1. The water contents
used for the dose rates calculation are based on laboratory
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measurements of saturation water contents. The PTE and Plaisance
samples were well-drained at the time of sampling and are conﬁdently expected to have been well above the water table
throughout their burial history; for these samples we have
assumed a life-time water content of 20% of saturation. The
remaining samples were poorly drained and are conﬁdently expected to have always been close to the water table; for these
samples we have assumed a life-time water content of 80% of
saturation. In both cases an uncertainty of ±4% water content by
weight was assumed. Resulting dose rates vary between 0.55 ± 0.03
and 1.96 ± 0.07 Gy/ka, typical of sandy sediments (Table S1).
Because some of these dose rates are low and most samples lie with
2 m of the surface, the cosmic ray contribution to the total varies
between 6 and 26%.
The uncertainties on individual 238U analyses are too large to
allow a discussion of the state of equilibrium on a sample by sample
basis. Nevertheless, on average the 226Ra/238U activity ratio is
0.63 ± 0.17 (n ¼ 21) indicating that there has probably been some
loss of 226Ra as a result of exposure of terrestrial sediment to saline
water before deposition (e.g. Webster et al., 1995). This implies that
the 226Ra concentrations measured today may not be representative of the life time average. However, this is not of concern because
226
Ra and its daughters contribute <5% to the total dose rate in
these sediments; the effect of variations in 226Ra on a time scale of a
few ka will be much less than this.
3.2. Reliability of OSL dates
Equivalent doses and the resulting ages are summarized in
Table S2. In order to conﬁrm that the quartz from the beach ridges
of the Magdalen Islands was well bleached at the time of deposition, a sample was taken at the Plaisance site from a recent deposit
analogous to the relic beach ridge sediments (OSL87; Fig. 1C). The
resulting dose is 60 ± 40 mGy, corresponding to an age
0.03 ± 0.03 ka (Table S2), consistent with the expected time since
deposition. In addition, the basal swale peat between two ridges at
Les Sillons site gave a radiocarbon age of 0.94 ± 0.05 ka cal BP
(UCIAMS-52770), while the OSL ages from the two adjacent ridges
are 0.78 ± 0.05 ka (OSL 40) and 1.53 ± 0.11 ka (OSL 41). These OSL
ages are again consistent with the independent age control and
conﬁrm that the chosen SAR protocol is suitable for this material.
3.3. Chronology of the beach ridge systems
The beach ridge systems observed on the Magdalen Islands
started developing before approximately 2.6 ka ago. The oldest site
is Les Sillons with samples OSL65 and OSL66 dated to 2.15 ± 0.17 ka
and 2.60 ± 0.19 ka respectively. This ridge was exposed in an
outcrop; OSL65 is from the bottom and OSL66 the top of the
exposure. These two ages are indistinguishable at a 95% conﬁdence
interval; as a result they do not allow us to discuss the internal
chronology of this ridge at the outcrop scale. The age of the Les
Sillons system becomes younger on both sides of the ridge containing OSL65 and OSL66 (Fig. 1D; Table S2). Westward, the ridges
give ages of 1.53 ± 0.11 ka (OSL41) and 0.78 ± 0.05 ka (OSL40). A
core was taken adjacent to OSL40 and ages of 1.30 ± 0.05 ka (0707A)
and 1.14 ± 0.04 ka (0707E) were measured at 9 m and 7.5 m depth,
respectively. These ages suggest an approximate net accumulation
rate of ~10 mm/a, indicating a high rate of sediment supply. The OSL
ages suggest that the Les Sillons system grew each side of OSL65-66
ridge and a new major ridge was built every ~100e300 years.
The same pattern is present at the Grosse-^Ile site, where the
oldest ridge is 0.99 ± 0.09 ka (OSL39) (Fig. 1E; Table S2). On each
site, adjacent ridges were dated to 0.90 ± 0.06 ka (OSL67) and
0.76 ± 0.06 ka (OSL69). The ridge located the closest to the modern
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lagoon gives a recent age of 0.09 ± 0.06 ka (OSL68). This ridge is
currently vegetated by shrubs and small trees (mainly white
spruce) with shallow soil development; it is likely that the sediment was reworked by wind before the vegetation cover was
established. At the PTE site, the ridges give ages between
0.73 ± 0.06 ka (OSL37) and 0.52 ± 0.05 ka (OSL71) (Fig. 1F;
Table S2); the ages decrease northwards with ~50e100 years between each ridge. Finally, the same pattern was observed at the
HAB site where two sampled ridges gave ages of 0.55 ± 0.06 ka
(OSL85) and the more seaward 0.40 ± 0.10 ka (OSL86).
4. Discussion
Beach ridge strandplains are often preserved where the sea level
is dropping or has dropped in the past (e.g., Blum et al., 2002; Otvos,
2004; Scheffers et al., 2012). However, in the Saint-Pierre-etMiquelon Islands, southwest of Newfoundland, prograding beach
ridge systems were formed during a deceleration in relative sea
level rise (induced by glacial isostatic adjustment) over the last
3000 years (Billy et al., 2014). On the Magdalen Islands, analysis of
paleo-forest horizons and submerged trees stumps found currently
in the intertidal zone, and the succession of freshwater peat overlain by intertidal marsh facies, leads to the deduction of a relative
sea level rise of 3 m over the two last millennia. These measures
imply a mean rise of 15 cme20 cm per century with a recent acceleration of 24.4 and 34.4 cm/century during the 19th and the 20th
centuries, respectively (Juneau, 2012). These sea level rise values
are similar to those measured in the southern Gulf of St. Lawrence,
especially in the provinces of Prince Edward Island and Nova Scotia
(e.g., Scott et al., 1981, 1995; Gehrels et al., 2004; Koohzare et al.,
2008). From the 22 OSL ages obtained in this study, it appears
that the Magdalen Islands beach ridge systems were built while the
sea level was rising. For a coastline to prograde in such circumstances requires a large sediment supply together with a gradual
sea level rise (Giles and King, 2001; Stutz and Pilkey, 2011). With a
mean erosion rate of 0.3 m/year between 1963 and 2008, and
reaching up to 1.5 m/year in some places (Bernatchez et al., 2012),
the cliffs of the Magdalen Islands have the highest rocky coastalcliff erosion rates in the Estuary and Gulf of St. Lawrence
(Bernatchez and Dubois, 2004). Since there are no rivers capable of
transporting sediment on the Magdalen Islands and offshore currents do not appear to be signiﬁcant sources (Drapeau and Mercier,
1990), it is likely that sandstone cliff erosion due to rising sea level
is the main source of sediment to the longshore drift and the
building of prograding beaches. Indeed, some low-lying coasts on
the archipelago are still prograding, despite a relative sea level increase of ~1.6 mm/a over the last 0.6 ka (Bernatchez et al., 2012;
Juneau, 2012). The new late Holocene OSL ages of this study suggest that this progradation and sediment transfer have been active
for at least the last two thousand years.
5. Conclusions
This study demonstrates that it is possible to build an OSL
chronology using quartz grains for the beach ridge systems of the
Magdalen Islands. The 22 OSL ages measured here have shown that
the beach ridges began to develop about 2500 years ago while the
sea level was rising. The data suggest the building of a new ridge
every ~100e300 years, and such a progradation in the presence of a
rising sea level requires a high rate of sediment supply. This study
also suggests that quartz OSL dating has considerable potential and
that it is an appropriate method for establishing precise chronologies in coastal sediments in this region of the Gulf of St. Lawrence.
This dataset is the ﬁrst step towards the development of a late
Holocene RSL curve and the understanding of the
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geomorphological response of the local coastal systems to sea level
rise.
Acknowledgments
€l, Sylvain Leblanc, Tarik Toubal,
Gabriel Ladouceur, David Noe
Louis Cormier, Robert Barnett and Francis Bonnier-Roy are thanked
for their valuable help in the ﬁeld, as well as Marie-Pier St-Onge
and Jacques Labrie for their help in the laboratory. The authors wish
to acknowledge the support of the Nordic Laboratory for Luminescence Dating (NLL) team. The Natural Sciences and Engineering
Research Council of Canada (NSERC) (312343-2012), Fonds de
bec Nature et Technologies (FQRNT), the Coastal
recherche du Que
Geoscience Chair, and the Canada Research Chair in Marine Geology provided ﬁnancial support for the project.
Appendix A. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.quageo.2015.03.013.
References
Argyilan, E.P., Forman, S.L., Johnston, J.W., Wilcox, D.A., 2005. Optically stimulated
luminescence dating of late Holocene raised strandplain sequences adjacent to
Lakes Michigan and Superior, Upper Peninsula, Michigan, USA. Quat. Res. 63,
122e135.
Billy, J., Robin, N., Hein, C.J., Certain, R., FitzGerald, D.M., 2014. Internal architecture
of mixed sand-and-gravel beach ridges: Miquelon-Langlade Barrier, NW
Atlantic. Mar. Geol. 357, 53e71.
Bernatchez, P., Dubois, J.-M.M., 2004. Bilan des connaissances de la dynamique de
rosion des co
^tes du Que
bec maritime laurentien. Ge
ogr. Phys. Quat. 58,
l’e
45e71.
Bernatchez, P., Fraser, C., Friesinger, S., Jolivet, Y., Dugas, S., Drejza, S., Morissette, A.,
 des co
^tes et vulne
rabilite
 des communaute
s du golfe du Saint2008. Sensibilite
Laurent aux impacts des changements climatiques. Laboratoire de dynamique
gre
e des zones co
^ tie
res, Universite
 du Que
bec a
 Rimouski,
et de gestion inte
p. 256. Rapport de recherche remis au Consortium OURANOS et au FACC.
curite
 en e
rosion co
^ tie
re :
Bernatchez, P., Drejza, S., Dugas, S., 2012. Marges de se
volution historique et future du littoral des îles de la Madeleine. Laboratoire de
e
gre
e des zones co
^ tie
res, Universite
 du Que
bec 
dynamique et de gestion inte
a
re de la Se
curite
 publique du Que
bec.
Rimouski, p. 71. Rapport remis au ministe
Blum, M.D., Carter, A.E., Zayac, T., Goble, R., 2002. Middle Holocene sea-level and
evolution of the Gulf of Mexico coast (USA). J. Coast. Res. SI36, 65e80.
Bristow, C.S., Pucillo, K., 2006. Quantifying rates of coastal progradation from
sediment volume using GPR and OSL: the Holocene ﬁll of Guichen Bay, southeast South Australia. Sedimentology 53, 769e788.
Clemmensen, L.B., Murray, A., Nielsen, L., 2012. Quantitative constraints on the sealevel fall that terminated the Littorina Sea Stage, southern Scandinavia. Quat.
Sci. Rev. 40, 54e63.
Cunningham, A.C., Wallinga, J., 2010. Selection of integration time intervals for
quartz OSL decay curves. Quat. Geochronol. 5, 657e666.
lisation de l’e
volution du littoral des îles de la
Drapeau, G., Mercier, O., 1990. Mode

bec. Ge
ogr. Phys. Quat. 44, 217e226.
Madeleine, Que
Duller, G.A.T., 2003. Distinguishing quartz and feldspar in single grain luminescence
measurements. Radiat. Meas. 37, 161e165.
Gehrels, W.R., Milne, G.A., Kirby, J.R., Patterson, R.T., Belknap, D.F., 2004. Late Holocene sea-level changes and isostatic crustal movements in Atlantic Canada.
Quat. Int. 120, 79e89.
Giles, P.T., King, M.C., 2001. “Les sillons”: a relict foredune plain. Canadian landform
examples e 41. Can. Geogr. 45, 437e441.
Hansen, V., Murray, A., Buylaert, J.-P., Yeo, E.-Y., Thomsen, K., 2015. A new irradiated
quartz for beta source calibration. Radiat. Meas. (in press).
cente du niveau marin relatif aux ^Iles-de-la-MadeJuneau, M.-N., 2012. Hausse re
 du Que
bec a
 Rimouski, De
partement de biologie,
leine. MSc thesis. Universite
ographie, p. 161.
chimie et ge
Koohzare, A., Vaní
cek, P., Santos, M., 2008. Pattern of recent vertical crustal
movements in Canada. J. Geodyn. 45, 133e145.
Lamothe, M., 2015, January 14. Personal Communication.
Murray-Wallace, C.V., Banerjee, D., Bourman, R.P., Olley, J.M., Brooke, B.P., 2002.
Optically stimulated luminescence dating of Holocene relict foredunes, Guichen
Bay, South Australia. Quat. Sci. Rev. 21, 1077e1086.
Murray, A.S., Marten, R., Johnston, A., Martin, P., 1987. Analysis for Naturally
Occurring Radionuclides at Environmental Concentrations by Gamma
Spectrometry.
Murray, A.S., Wintle, A.G., 2000. Luminescence Dating of Quartz Using an Improved
Single-Aliquot Regenerative-Dose Protocol.
Murray, A.S., Wintle, A.G., 2003. The single aliquot regenerative dose protocol:
potential for improvements in reliability. Radiat. Meas. 37, 377e381.
Otvos, E.G., 2000. Beach ridges-deﬁnitions and signiﬁcance. Geomorphology 32,
83e108.
Otvos, E.G., 2004. Holocene Gulf levels: recognition issues and an updated sea-level
curve. J. Coast. Res. 20, 680e699.
Otvos, E.G., 2012. Coastal barriers d Nomenclature, processes, and classiﬁcation
issues. Geomorphology 139e140, 39e52.
Prescott, J.R., Hutton, J.T., 1994. Cosmic-ray contributions to dose-rates for luminescence and ESR dating e large depths and long-term time variations. Radiat.
Meas. 23, 497e500.
Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Ramsey, C.B., Buck, C.E.,
Cheng, H., Edwards, R.L., Friedrich, M., Grootes, P.M., Guilderson, T.P.,
, C., Heaton, T.J., Hoffmann, D.L., Hogg, A.G.,
Haﬂidason, H., Hajdas, I., Hatte
Hughen, K.A., Kaiser, K.F., Kromer, B., Manning, S.W., Niu, M., Reimer, R.W.,
Richards, D.A., Scott, E.M., Southon, J.R., Staff, R.A., Turney, C.S.M., van der
Plicht, J., 2013. INTCAL13 and MARINE13 radiocarbon age calibration curves 050,000 years cal BP. Radiocarbon 55, 1869e1887.
Scheffers, A., Engel, M., Scheffers, S., Squire, P., Kelletat, D., 2012. Beach ridge systems e archives for Holocene coastal events? Prog. Phys. Geogr. 36, 5e37.
Scott, D.B., Brown, K., Collins, E.S., Medioli, F.S., 1995. A new sea-level curve from
Nova Scotia: evidence for a rapid acceleration of sea-level rise in the late midHolocene. Can. J. Earth Sci. 32, 2071e2080.
Scott, D.B., Williamson, M.A., Duffett, T.E., 1981. Marsh foraminifera of prince
Edward Island: their recent distribution and application for former sea levels
studies. Marit. Sediments Atl. Geol. 17, 98e129.
Stutz, M.L., Pilkey, O.H., 2011. Open-ocean barrier islands: global inﬂuence of climatic, oceanographic, and depositional settings. J. Coast. Res. 27, 207e222.
Taylor, M., Stone, G.W., 1996. Beach-ridges: a review. J. Coast. Res. 12, 612e621.
Thomsen, K.J., Bøter-Jensen, L., Denby, P.M., Moska, P., Murray, A.S., 2006. Developments in luminescence measurement techniques. Radiat. Meas. 41,
768e773.
Webster, I.T., Hancock, G.J., Murray, A.S., 1995. Modelling the effect of salinity on
radium desorption from sediments. Geochim. Cosmochim. Acta 59, 2469e2476.

millard, A.M., et al., Quartz OSL dating of late Holocene beach ridges from the Magdalen Islands (Quebec,
Please cite this article in press as: Re
Canada), Quaternary Geochronology (2015), http://dx.doi.org/10.1016/j.quageo.2015.03.013

