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Analytical methodologies

Field Emission Scanning Electron Microscopy (FE-SEM): 
Textural and Energy-Dispersive X-Ray Spectroscopy (EDX) chemical analyses of the olivine-hosted inclusions were performed using the Electron Microscopy facilities available at the Department of Earth, Environmental and Life Sciences, University of Genova, namely a field emission scanning electron microscope (ZEISS SUPRA 40 VP). EDX analyses were performed at accelerating potential of 20 kV with a 30 seconds-counting time.

Electron Back-Scatter Diffraction Scanning Electron Microscopy (EBSD-SEM): 
Microstructural maps of phases and crystallographic orientations were measured by indexation of electron-backscattered diffraction (EBSD) patterns using the EBSD-SEM facility at Géosciences Montpellier (University of Montpellier, France). The EBSD patterns were generated by interaction of a carefully polished thin section and an incident electron beam tilted at precisely 70° in a field emission gun-scanning electron microscope (CamScan X500FE CrystalProbe). Step sizes range from 70 nm to 100 nm. The diffraction pattern was projected onto a phosphor screen and recorded by a digital CCD camera. The image was processed and indexed in terms of crystal phase and orientation using the Aztec software from Oxford Instruments. Identification of the grains was done using the MTEX MatLab toolbox (Hielscher & Schaeben, 2008), with a 10° threshold angle between neighbouring pixels.

Focused Ion Beam - Transmission Electron Microscopy (FIB-TEM):
Electron-transparent foils were prepared along-strike respect to the inclusion elongation using a FEI Helios Nanolab G3 Dualbeam FIB-SEM at Utrecht University. Transmission Electron Microscopy imaging and EDX chemical mapping and analyses of the electron-transparent foils were carried out using a FEI Talos F200X Scanning-Transmission Electron Microscope (200kV S-TEM) equipped with four EDX detectors, using an acceleration voltage of 200kV and 5 – 10 nA beam current. 

Laser Ablation – Inductively Coupled Plasma – Mass Spectrometry (LA-ICP-MS): 
In-situ trace element compositions of olivine (Table S2) were determined by Laser Ablation-Inductively Coupled Plasma Mass Spectrometry at Géosciences Montpellier (University of Montpellier, France). The analyzed trace elements are Li, B, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb, Ba, rare earth elements (REEs), Hf, Ta, Pb, Th and U. Analyses were performed with a Thermo Scientific Element XR (eXtended Range) high resolution ICP-MS, coupled with a laser ablation system consisting of a Geolas (Microlas) automated platform with a 193 nm Excimer Compex 102 laser from LambdaPhysik. Ablation analyses were performed using an in-house modified 30 cm3 ablation cell with a helium atmosphere to enhance sensitivity and reduce inter-element fractionation (Günther & Heinrich, 1999). Helium gas and ablated sample material were mixed with argon gas before entering the ICP-MS. The laser energy density was set to 12 J cm−2 at a frequency of 8 Hz and the beam size was set to 102μm. Data were collected in time resolved acquisition mode, collecting the background signal for two minutes, followed by one minute of sample ablation (480 pulses at 8Hz). Data were processed with the GLITTER software package (Van Achterberg et al., 2001), using the linear fit to ratio method. Standardization was done using 29Si. Mean detection limits were <7 ppb for Rb, Sr, Y, Zr, Nb, Sb, Ba, REE, Hf, Ta, Pb, Th, U, <70 ppb for Zn, Cu, Co, Mn, V, Sc, <170 ppb for Li and B and <1 ppm for Ti, Cr and Ni. Values that were within 1σ of the detection limit were excluded during data reduction. An additional filter was applied to remove any analysis that had more than 50% error in concentration. Oxide interferences on Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu were monitored using reference basalt BIR 1-G. Interferences resulted in a bias in the calibration based on NIST 612 measurements (underestimation of abundances), which were adjusted using a correction factor. It was calculated on a day-by-day basis by fitting the mean concentration of analyzed reference basalt BIR 1-G to the GEOREM accepted values of concentration (Jochum et al., 2005)(Table S4). Instrument sensitivity due to analytical conditions was determined from the average across all days of repeated measurements of the synthetic NIST 612 glass (Pearce et al., 1997). Sensitivities were >300 cps/ppm for Ni and Ti, >1200 cps/ppm for B and Zn, 1000-5000 cps/ppm for Li, Cr, Cu, Ba, Nd, Sm, Gd, Dy, Er, Yb and Hf and >5000 cps/ppm for all other elements. Reproducibility as constrained by 60 analyses of reference basalt BIR 1-G (Table S4) was better than 10% for all elements except Zr (12.6%), Hf (14.0%), Pb (12.6%), U (27.9%) and measured values were comparable within analytical uncertainties to GEOREM accepted values (Jochum et al., 2005).
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