Supplementary Item 1. Composite MPEG-4 (mp4) movie (7.3 MB) showing the analysis of a diffusion profile (in real time) by scanning LA ICP-MS. The left-hand side of the frame is the reflected-light microscope view of a polished section of the olivine crucible. A number of fractures and surface scratches in the olivine are clearly visible. The right-hand side of the frame shows the data acquisition window of the ICP-MS software, which graphs time on the x-axis against element counts-per-second (a proxy for element concentration) on the y-axis. Plotted elements are Co (white), Al (green), Sc (yellow), Be (blue), Y (red) and Lu (pink). For the first 8 seconds of the movie, the ICP-MS is only recording the gas background. Stage scanning is switched on, with the sample being scanned downwards at 5mm/sec. After 8 seconds the laser is switched on, causing ablation of a 120 mm by 6 mm slit of olivine to the left to the white crosshairs on the optical image. As the sample is scanned, continued ablation creates a 120 mm wide track across the olivine grain. Note, the sample is positioned to avoid ablation of any fractures. As ablation continues, the count rate for some elements (e.g., Be in blue) begins to increase as the diffusion profile is analysed. The boundary between the olivine and glass can be recognised in the optical image as the plane marking the termination of the fractures in olivine to the left of the laser track. Note that the laser slit is oriented parallel to the olivine/glass interface in order to maximize analytical resolution of the diffusion profile. Clear diffusion profiles for Co, Sc, Be, Y and Lu can be seen in the data acquisition window once the olivine within ~100 mm of the glass interface is ablated. By contrast, there is no discernable diffusion profile for Al. After 82 seconds of movie time, the boundary between the glass and olivine is ablated, causing a sharp jump in the count rate of all elements. For incompatible elements (Sc, Be, Y, Lu) the count rate increases drastically, whereas for compatible elements like Co, the count rate decreases. From 82 seconds till the end of the analysis only the glass is ablated, leading to high and constant count rates for all elements. 

