Supplementary Material
Additional discussions of OSL dating results

1. Single-grain De distributions and OSL ages

One of the grains from sample 58A yielded a particularly high De value of ~680 Gy (Figure 5c-d). As shown in Figure 4d-e, the De of this grain has been determined by extrapolation of the SAR dose-response curve beyond the highest administered dose. Although greater uncertainties exist about the reliability of this grain, its dose-response curve is still clearly growing beyond the highest administered dose of 350 Gy (Figure 4d). This grain has been included in the final De calculation to ensure that the upper tail of the true distribution of De values was represented in the empirical De distribution. Regardless, the CAM or MAM ages of sample 58A are not altered beyond their 1σ error range by the inclusion or exclusion of this grain and, therefore, the final OSL chronologies are not biased by our grain selection criterion in this instance.

2. Assessing the potential sources of scatter in the De distributions

Though the CAM ages for samples 58A and 57A are stratigraphically consistent at 1σ, the dose distribution of sample 58A contains a very precise, young grain with a De of 84 ± 9 Gy, which is particularly evident on the radial plot of this sample (Figure 5d). It is worth considering whether the inclusion of this high-precision, low-De grain has significantly suppressed the CAM age estimate of sample 58A, and whether this De value should have been included in the final De estimation. This particular grain did not display any aberrant OSL behaviour that might warrant its rejection from the final De analysis; aside from having a relatively bright OSL signal (230 counts in the first 0.2 s of stimulation for a 30 Gy test-dose), this grain had similar dose-response properties, recycling ratio and recuperation trends as the other ‘accepted’ grains of sample 58A. Furthermore, the exclusion of this grain from the De dataset only marginally increases the CAM De from 176 ± 21 Gy to 186 ± 21 Gy and decreases the overdispersion from 42 ± 10% to 36 ± 10%. Consequently, the CAM age of this sample only increases to 140 ± 18 ka when this De point is excluded; this value is consistent with the original CAM age of 132 ± 18 obtained when all 20 of the accepted De values are considered in the final age estimation (Table 3).

Two extrinsic sources of De scatter may be considered as possible explanations for the presence of low De values and the wide range of individual De estimates in sample 57A and 58A. The first relates to migration of grains from overlying younger layers, and the second relates to beta-dose heterogeneity in the sedimentary matrix. Post-depositional mixing of sediments has been suggested as an explanation for wide dose distributions and the presence of younger grains in several other single-grain OSL studies (e.g., Roberts et al., 1998; Bateman et al., 2003; Jacobs et al., 2006; David et al., 2007). Post-depositional mixing is usually most evident within 1 m of the surface and is related to biological activity, such as burrowing animals, vegetation, or human disturbance, as well as physical processes, such as cryoturbation, freeze-thaw action or solifluction (Bateman et al., 2007). It is extremely unlikely that these processes have taken place within the glaciofluvial sequence at Ash Bend because: (i) The site falls within a region of extensive but discontinuous permafrost. Moreover, the sediments being dated in this study lie well below the present-day seasonal thaw zone and are thought to have remained perennially-frozen throughout their burial periods; (ii) The glaciofluvial sands of sample 57A and 58A are horizontally stratified and display clear boundary contacts with the intervening till unit. These visible bedding structures would not have been preserved if the sequence had been affected by any significant post-depositional disturbance; (iii) The considerable thickness of this glaciofluvial sequence (>40 m), together with the indistinguishable ages obtained for the two glaciofluvial units, indicates that these sediments were probably buried relatively quickly and are unlikely to have remained within the seasonal thaw zone for extended period after deposition. Sample 58A was located ~35 m below the ground and was overlain sequentially by 6 m of glaciofluvial sands from the same unit, ~10 m of till and a further ~15 m of glaciofluvial gravels. Although grains with low De values (~90 Gy) were also found in sample 57A (Figure 5a), it is unlikely that these migrated ~10 m downwards to be redeposited below the till, and it is even less probable that younger quartz grains from the overlying loessal units could have migrated through the entire profile of this perennially-frozen sequence. Therefore, the presence of low De values in the dose distributions (particularly in the case of sample 58A) is not thought to be attributed to the intrusion, or contamination, by grains from the younger overlying deposits. As sediment mixing is not considered to be the primary cause of dose dispersion in these samples, we have not applied the FMM to the single-grain De datasets.

Dose rate heterogeneity in the sedimentary environment, specifically that associated with beta particles, is a second possible reason for the high (~40%) overdispersion values of our samples. A general assumption in luminescence dating is that sedimentary deposits conform to an infinite-matrix dose rate, where, within a volume having dimensions greater than the radiation ranges, the rate of energy absorption is equal to the rate of energy emission and both radioactive element concentrations and absorption coefficients are homogeneous (Aitken, 1998). However, Nathan et al. (2003) have cautioned against the assumption of an infinite matrix in certain types of non-uniform sediments, particularly as beta-dose spatial heterogeneity can cause individual grains from the same sedimentary horizon to experience uneven dose rates while buried. Individual grains might, for instance, experience above-average beta-dose rates and, hence, have higher De values, if they are located in close proximity to ‘hotspots’ of strong beta-particle emitters such as 40K-rich grains. Conversely, quartz grains located adjacent to materials with reduced radioactivities, such as ice or carbonates (i.e., ‘cold spots’) might experience below-average beta-dose rates, and, hence, have correspondingly low De values. As such, beta-dose spatial heterogeneity can cause De distributions to display higher degrees of overdispersion and extended ‘tails’ on either or both sides of their mean dose values, as has been demonstrated in a range of empirical, laboratory-controlled, and modelling studies (e.g. Olley et al., 1997; Nathan et al., 2003; Kalchgruber et al., 2003; Mayya et al., 2006). Single-grain De measurements are more apt to unveil the true extent of such scatter than multi-grain De measurements, although it is often difficult to differentiate between De dispersion arising from beta dose heterogeneity and other sources of natural De scatter, such as partial bleaching (e.g., Nathan et al., 2003).

The samples studied here belong to deposits that are unlikely to have contained attenuating bodies such as carbonates. However, there is a strong possibility that water or, more likely, ice particles of considerable size were present in these sediments. Although the Ash Bend sampled had remained frozen during burial, they were sampled when thawed and hence it is difficult to retrospectively determine the type of in situ geometries that might have affected the grains. There remains the possibility, however, that some of the anomalously low De values may be explicable in terms of their in situ location next to pore spaces that had been previously filled with ice. In addition, the coarse-grained nature of these glaciofluvial sand and gravel deposits could have favoured an inhomogeneous distribution of coarse, beta-emitting material (e.g., Nathan et al. 2003), which might explain the presence of some or all of the high-De grains in these samples. 

It is also possible that intrinsic, rather than external, sources of De scatter explain the high overdispersion and broad range of De values obtained for the Ash Bend samples. Such sources of De dispersion might include scatter originating from the experimental procedures themselves, particularly the use of non-identical field and laboratory bleaching and irradiation conditions, or the use of fixed preheating and measuring conditions that are non-optimal for some of the accepted grains (e.g., Galbraith et al., 2005). Alternatively, intrinsic De scatter could arise from grain-to-grain variations in luminescence properties, such as differences in dose-response curve shapes and saturation doses, differences in the nature and amount of sensitivity change, or differences in OSL signal composition. While it is feasible that these types of intrinsic sources of variation might have contributed to at least some of the observed De dispersion in our samples, it seems less likely that they alone could account for the particularly broad range of De values obtained in this study. However, it is interesting to note that the distinctive De distribution characteristics of the Ash Bend glaciofluvial samples are very similar to those observed in another single-grain dating study undertaken in this region. Demuro et al. (2008) reported single-grain OSL ages obtained on ice-rich loess deposits bracketing the Late Pleistocene Dawson tephra at Quartz Creek, western Yukon Territory. The single-grain De distributions of their samples also displayed a broad range of De values and relatively high overdispersion values (33 ± 13% and 45 ± 17%), but were not significantly positively skewed at the 95% C.I.. Importantly, the samples studied by Demuro et al. (2008) were taken from aeolian deposits with well-preserved stratigraphic boundaries, and had remained perennially-frozen (and hence undisturbed) since burial. As such, the De scatter affecting their samples is not likely to have arisen from partial bleaching or sediment mixing. The similarities between the De distribution characteristics of the Ash Bend and Quartz Creek samples raises the possibility that pronounced single-grain De dispersion related to intrinsic rather than extrinsic sources of scatter may be commonplace in this region. Such intrinsic De scatter could be related to the inherent physical properties of quartz from this region. However, future single-grain studies of quartz from the Canadian Shield will be needed to asses the broader significance of source mineralogy as a cause of intrinsic De scatter with these samples.

	Sample name
	57A
	
	
	58A
	

	Total number of grains measured
	2300
	
	
	2000
	

	Total number of grains with signal suitable for construction of a dose-response curve (n)
	139 
	
	
	115
	

	                                                             (%)
	(6)
	
	
	(5.8)
	

	
	n
	%
	
	n
	%

	‘0 Gy’ grains
	7
	5
	
	2
	1.7

	Early onset of saturation of dose-response curves 
	11
	7.9
	
	4
	3.4

	Feldspar (contaminant grains or inclusion)
	50
	36
	
	46
	040

	Recuperation (>5% of the natural signal)
	10
	7.2
	
	11
	09.6

	Dim (>30% relative error on the natural test-dose signal)
	38
	27.3
	
	32
	27.8

	Accepted grains (used for De determination)
	23
	16.5
	
	20
	17.4


Table S1. Single-grain OSL dating statistics obtained for samples 57A and 58A. The summary statistics show the total number of measured and accepted quartz grains for each sample and the proportion of grains displaying different types of problematic behaviour.

	Sample
	Water content a (%)
	Gamma

dose rate (Gy/ka)
	Beta

dose rate (Gy/ka)
	Cosmic-ray

dose rate b (Gy/ka)
	Total

dose rate c (Gy/ka)
	CAM

Age (ka)
	MAM-3

Age (ka)
	MAM-4

Age (ka)

	
	as-measured
	
	
	
	
	
	
	

	57A
	2
	0.54 ± 0.03
	0.88 ± 0.03
	0.11 ± 0.01
	1.56 ± 0.07
	120 ± 13
	80 ± 16
	90 ±26

	58A
	18
	0.64 ± 0.04
	0.88 ± 0.04
	0.01 ± 0.01
	1.56 ± 0.08
	113 ± 15
	63 ± 13
	68 ± 25

	
	80% of saturated value
	
	
	
	
	
	
	

	57A
	24
	0.43 ± 0.03
	0.70 ± 0.03
	0.09 ± 0.01
	1.25 ± 0.07
	150 ± 17
	99 ± 20
	111 ±33

	58A
	29
	0.58 ± 0.04
	0.79 ± 0.04
	0.01 ± 0.01
	1.41 ± 0.08
	125 ± 17
	70 ± 14
	75 ± 27

	
	
	
	
	
	
	
	
	

	a Values represent percentage of dry sediment mass. 

b Cosmic-ray contributions to the total dose rates were calculated following Prescott and Hutton (1994), taking into account the altitude and geomagnetic latitude of the site, the sample depths, and their water contents.

c The final dose rate estimates have been adjusted for beta-dose attenuation (Mejdahl, 1979), sample water content (Aitken, 1985) and organic content (Lian et al., 1995). Dose rate values represent the mean ± total uncertainty (68% confidence interval), calculated as the quadratic sum of the random and systematic uncertainties. The final dose rate estimates include an internal alpha dose rate of 0.03 Gy/ka for each sample, based on measurements made by Bowler et al. (2003), with an assigned relative uncertainty of ±20%.




Table S2. Dose rate values and corresponding ages obtained when using the as-measured and 80% of laboratory-measured saturated water content values. Ages were calculated using CAM, MAM-3 and MAM-4 De values presented in Table 3 of the main text.
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Figure S1. Dose recovery test results for single aliquots of sample 57A, glaciofluvial gravels from Ash Bend, Yukon Territory. OSL measurements were made using multi-grain aliquots containing ~800 grains. (a) recovered to given dose ratio, (b) recycling ratio and (c) recuperation. The administered dose was of 50 Gy. The solid and dashed lines (a-b) indicate ratios of unity and the ± 10% limits, respectively. The dashed lines in (c) mark the 5% recuperation value. Regenerative-dose preheat is for 10 s.
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Figure S2. Light-sum plots constructed from single-grain measurements made on glaciofluvial gravels from Ash Bend, constructed after Duller et al. (2000) and Duller (2006). (a) proportion of grains contributing to the total Tn light-sum; (b) proportion of grains plotted against absolute Tn intensities. (c) Tn OSL signal intensities of grains accepted for final De estimation after a dose of 30 Gy was administered.
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