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TCN METHODOLOGY

As in all applications of the TCN method, the question dictated the sampling strategy. To ensure that our measurements would provide a close estimate of the true deglaciation age, we required boulders that were continuously exposed to cosmic rays and that experienced little or no erosion. This way deglaciation from an MIS 4 (early Wisconsin, 75 to 50 ka) ice sheet could be distinguished from an MIS 6 (Illinoian age, 190 to 150 ka) deglaciation. 

Sample preparation of BeO targets for the five samples and one chemical blank was completed at Dalhousie University using standard procedures (Kohl and Nishiizumi, 1982). For each sample, 25 g of quartz with 0.25 mg Be carrier was added before dissolution in a HF/HClO4 mixture, followed by ion chromatography and final precipitation in ultrapure ammonia gas.  Accelerator mass spectrometer (AMS) isotopic analysis of 10Be/9Be in the targets was completed at Lawrence Livermore National Laboratory. AMS measurements were conducted with Kuni Nishiizumi standard KNSTD9422 and KNSTD3110 and normal LLNL standards for the measured ratios, assuming 10Be half life of 1.5 x 106 years (Table 1). The 2 precisions of the measurements were 8% for YUK-05-001 and 4-6% for the older boulders.  The chemical blank, with 1.17 x 105 10Be atoms, resulted in 3% and 0.4% subtractions in the concentrations for YUK-05-001 and the older boulders respectively.  

Production rate of each sample was adjusted for thickness using apparent attenuation lengths for fast neutrons and combined muonic interactions of nf = 150 and  = 1300 g cm-2. Interpretation of the data required the scaling of a normalized (sea level high latitude) production rate for 10Be in quartz and scaling.  We use three different scaling routines (Stone, 2000; Dunai, 2000, 2001; and Pigati and Lifton (2004) incorporating Desilets et al. (2006) to scale the 10Be production rates measured at published calibration sites to sea level high latitude.  Then, these reference production rates were scaled to each sample location.  The latter routine considers the effect of geomagnetic field variations on cosmic ray flux integrated over the exposure duration. The production rates using the three different scaling routines have a coefficient of variation of 7% for sample YUK-05-001 and 8% for the four penultimate boulders (Table 2). The differences in production rates for the samples are due to the differences in the way the atmosphere, present geomagnetic field, and temporal variations in paleointensity, dipole position, and non dipole field effects are considered. The differences among the routines vary with location and exposure duration. Fortunately because the sample sites are at high geomagnetic latitude, variations in magnetic field strength do not have significant influence on the production rates (Gosse and Phillips, 2001), although there is a measurable non-dipole field influence. Because the Stone (2000) routine does not incorporate geomagnetic field effects beyond the simple model of Lal (1991), and because the Stone (2000) routine yields production rates that are intermediate between the other two routines, we have used the Stone (2000) scaling routine to calculate the exposure duration of the five boulders. However, neither of these scaling models consider changes in the attenuation of cosmic ray secondaries by the atmosphere due to climate change.  Furthermore, the different models use different neutron flux data to scale production rates, and although it is not yet clear that the Lal (1991) and therefore Stone (2000) approach is incorrect, we recognize that it is possible that non-linear inconsistencies exist in that altitudinal scaling and therefore include this in our estimate of total error.   Using a climate model that incorporates the influence of glaciers, Staiger et al. (2006) indicate that atmospheric pressure changes near ice margins may have caused significant (0 to >10%) changes in site specific integrated production rates. Unfortunately, the complexity of the dynamics of multiple ice caps and valley glaciers of the CIS and the LIS precludes an accurate computation of the atmospheric variability at the sample sites. Uncertainties in these production rate variations are sources of external error in the total uncertainty and therefore the major control on the accuracy (internal and external errors added in quadrature, approximately 30% 2) of the reported ages.
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