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Analytical Techniques
1.1 Electron Microprobe Analysis

Olivine, orthopyroxene, clinopyroxene, garnet, spinel and phlogopite were analysed for major and some trace elements using a Cameca SX 100 electron microprobe equipped with five wavelength-dispersive spectrometers and one energy-dispersive spectrometer in the Department of Earth Sciences at the University of Cambridge. All samples were analysed at 15keV and currents of 10nA and 100nA were employed for major and trace elements, respectively. The count time was 30 seconds and the beam diameter was 1m.
1.2 Laser Ablation Inductively Coupled Plasma – Mass Spectrometry

Trace-element concentrations in garnet were determined using a New Wave UP213 Nd:YAG laser ablation system interfaced to a Perkin-Elmer Elan DRC II ICP-MS in the Department of Earth Sciences at the University of Cambridge. An 80µm diameter laser beam and a laser repetition rate of 10 Hz and laser power of ~1 mJ (10 J cm-2) was used for the entire study. The spot size was chosen as a compromise between signal intensity and the size of the minerals of interest in the samples. The ICP-MS data acquisition settings were 1 sweep per reading, 80 readings, 1 replicate, and total data acquisition lasted 60 seconds (approximately 1 data point for each element per second). The laser was programmed to run for 40 seconds, with a laser warm up time of 20 seconds for each spot analysis. This provides a background for each element, which is subtracted from the intensity for each element for that spot analysis. The laser warm up time allows the laser power output to stabilise to a constant and stable value prior to each spot analysis. 

The ICP-MS dwell time for each mass was dependent on the isotope and concentration of the element in the samples but was typically 20 milliseconds for most trace elements, and for some REE in depleted garnet samples. For all data, NIST 610 was used for system calibration of element concentrations. Calibration accuracy was verified by analysing either NIST 612 or BCR-2G. Recoveries were typically 90-110% of the values found on the GEOREM database. Repeated analysis of BCR-2G and other standards are shown in the supplementary tables, with better than 10% reproducibility for REE. LA-ICP-MS raw intensity drift during an analytical session of 8 hours is typically less than 10% based on raw counts for NIST standards. This drift is compensated for by the internal standard calculations in the Glitter software, no other drift corrections are used. 

For data processing and calculation of concentrations, Glitter Software (GEMOC, Australia) was used to process the raw data files from the Elan software containing the signal intensity versus time. This allows precise selection of blanks, signals, and rapid visualisation of the intensity data. The calculated concentrations in parts per million (ppm), 1 sigma errors, theoretical detection limits, raw signal in counts per second (CPS), and raw background CPS were exported to a spreadsheet programme for creating chondrite-normalised plots and other processing. The CaO content of standards and samples was used for internal standard normalization of the trace-element signals. The major -element compositions for the samples in this study were determined prior to LA-ICP-MS analysis on the Electron Microprobe (Cameca, Department of Earth Sciences, University of Cambridge). Replicate LA-ICP-MS results from three or more spots in the same garnet were averaged where possible, and chosen carefully to avoid contamination and ensure laser sampling from the target material only.

The external precision of repeated analysis of BCR-2G for the REE is typically comparable to solution mode analysis, 0.5% to 4% for all the REE. Internal precision (expressed as % relative standard deviation) for each spot analysis for BCR-2G and other geological standards with normal concentrations of REE is typically 5-10%. 
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