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Sr-Nd-Pb isotopes methods and data from Durham University
Samples were prepared and analysed for Sr-Nd-Pb isotopes at the Arthur Holmes Laboratory in the Department of Earth Sciences at Durham University by multi-Collector ICP mass spectrometry (MC-ICP-MS) using a ThermoFisher Neptune. Approximately 100mg of sample powder was leached in 6M HCl for 60mins on a hotplate at 100°C before the HCl was decanted and the remaining residue rinsed with MQ H2O. The sample was then dissolved with 1ml ~15M HNO3 – 3mls ~29M HF in a sealed beaker on a hotplate at 140°C. Following sample dry down the residue was repeat attacked with ~15M HNO3 to remove fluorides before being dissolved in 3M HNO3 ready for column processing. Samples were initially passed through Sr Spec resin columns following the procedure outlined in Font et al (2008) with Sr being collected in 18.2MW H2O and Pb being collected in 8M HCl. The initial waste eluant from the Sr columns contains the REE fraction and this was passed through a cation rein column to remove other matrix elements from the REE fraction following the procedure outlined in Dowall et al (2003).  Following chemistry the Sr, Nd and Pb fractions were dried down, organics oxidised with a conc HNO3-30% H2O2 dry down and taken up in 3% HNO3 for analysis. 
Sr isotopes were measured on the Neptune MC-ICP-MS in wet plasma mode. Samples were introduced using a PFA-50 nebuliser, operating at an uptake rate of ~90ml/min, coupled to a micro-cyclonic spray chamber. Sensitivity with this introduction set up was ~60V total Sr/ppm. Sr is measured using a static multi-collection routine of 1 block of 50 cycles with an integration time of 4sec per cycle; total analysis time 3.5mins. Instrumental mass bias was corrected for using a 88Sr/86Sr ratio of 8.375209 (the reciprocal of the 86Sr/88Sr ratio of 0.1194) and an exponential law. The average 88Sr beam intensity for samples was 19±2.5V(2SD); similar to the beam intensity for the NBS987 reference standard at 18V. Given the uptake rate and beam size approximately 100ng of sample was consumed for each measurement. Corrections were applied for Rb of 87Sr and K interferences on 84Sr and 86Sr using 85Rb and 83Kr as monitor isotopes. The Rb and Kr corrections were small for all samples with the average 85Rb and 83Kr beam sizes for the samples being 0.33±0.86 and 0.33±0.02 (2SD) respectively. One sample had a combined Rb-Kr correction that amounted to 234ppm on the 87Sr/86Sr ratio but this is well within what can be accommodated accurately.  Measured Sr data were normalized to a NBS987 value of 0.710240.  The accuracy and reproducibility on NBS987 for the analytical session was excellent with an average value for NBS987 and reproducibility 0.710239 ± 0.0000016 (22.5 ppm, 2SD n=9). Two repeat analyses of 3 samples (repeat leaching and digestion) yielded Sr isotope ratios within 11 ppm. BHVO-1 (leached) processed alongside the samples was yielded a Sr isotope composition of 0.703464 ± 0.000010 (2SE), within 5 ppm of the value reported in Weis et al. (2006). 
Nd isotopes were also measured on the Neptune MC-ICP-MS in wet plasma mode with the identical sample introduction set up, which yielded a sensitivity of ~65V total Nd/ppm. Nd is measured using a static multi-collection routine of 1 block of 50 cycles with an integration time of 4sec per cycle; total analysis time 3.5mins. Instrumental mass bias was corrected for using a 146Nd/145Nd ratio of 2.079143 (equivalent to the more commonly used 146Nd/145Nd ratio of 0.7219) and an exponential law. 146Nd/145Nd is used for correcting mass bias since Nd isotopes were measured on a total REE-fraction from the cation columns and this is the only Ce and Sm-free stable Nd isotope ratio. This approach requires a correction for isobaric interferences from Sm on 144Nd, 148Nd and 150Nd. The correction used is based on the method of Nowell and Parrish (2001) and Nowell et al. (2008). The internal isotope reference standard J&M was run both pure and doped with Sm (Sm/Nd~0.25) to assess accuracy of the Sm correction. The average value and reproducibility for both pure and doped J&M for the analytical session was 0.511114 ± 0.000010 (20ppm 2SD, n=13). Sample Nd data are normalized relative to a J&M value of 0.511110, which is equivalent to the La Jolla value of 0.511862. Sample measurements yielded an average Sm/Nd ratio of 0.25±0.046 (2SD), almost identical to the doped J&M standard so the excellent accuracy of the average 143Nd/144Nd value of pure and doped J&M implies the Sm-corrections were accurate. Differences between repeat analyses on the 3 samples, as detailed above for Sr, were between 6 and 25 ppm, which is very similar to the reproducibility on the J&M standard. The Nd isotope composition of BHVO-1 which was leached and processed alongside the samples was measured as 0.512982 ± 0.000006, 2 ppm off the value given by Weis et al. (2006), which, with a measured Sm/Nd ratio of 0.259, is also a measure of the excellent accuracy of the Sm correction on real samples. 
Pb isotopes were also measured on the Neptune in wet plasma mode using the same introduction set up as for Sr and Nd, yielding a sensitivity of ~100V total Pb/ppm at 90µl min-1 uptake. Pb is measured using a static multi-collection routine of 1 block of 50 cycles with an integration time of 4sec per cycle; total analysis time 3.5mins. Due to the fact that Pb only has one stable non-radiogenic isotope (204Pb), thallium was used to correct Pb isotope ratios for the effects of instrumental mass bias.  The Pb concentration for each sample tested immediately prior to measurement and an appropriate amount of a Tl standard was added to achieve a Pb/Tl ratio of ~12, which simultaneously minimizes the abundance sensitivity tails from 205Tl onto 204Pb and from 206Pb onto 205Tl. Despite the differing fractionation behaviour of Pb and Tl during MC-ICPMS accurate and precise data can be obtained with Tl ‘spiking’ and there are two commonly applied methods to achieve this. One approach is to calculate the fractionation factor (f) for Pb from the fPb/fTl ratio in each analytical session, determined by the slope of NBS981 data in ln(208Pb/206Pb) versus ln(205Tl/203Tl) space (White et al. 2000).  This is not a suitable approach for the Neptune as the mass bias is so stable within a single analytical session that the variation in ln(205Tl/203Tl) and ln(20XPb/20XPb) is too limited to accurately define the slope that yields the fPb/fTl ratio. The alternative approach, and one better suited to the Neptune, is to minimise the offset between one of the Pb isotope ratios for NBS981 and the accepted values by adjusting the 205Tl/203Tl ratio (e.g. Rehkamper and Halliday 1998).  One disadvantage in the way this method is usually applied is that optimises only one Pb isotope ratio, typically 206Pb/204Pb. In this case a slightly modified approach is used in which a 205Tl/203Tl ratio is derived that minimises the overall variation in offset of all five Pb isotope ratios for NBS981 from the values of Baker et al (2004). In this analytical session the 205Tl/203Tl ratio used was 2.38846. Repeat analyses (n=11) of the international reference material NBS981 during the analytical session gave the following average values: 206Pb/204Pb = 16.94153±0.0011 (67ppm 2SD), 207Pb/204Pb = 15.4990±0.0006 (41ppm 2SD) and 208Pb/204Pb = 36.7189±0.0011 (30.2ppm 2SD) in good agreement with accepted values of 16.9416, 15.4999 and 36.7258 from Baker et al. (2004) .Sr-Nd-Pb isotope data are presented in Table 2, and all standard measurements can be found in Appendix sheet 2.
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