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Experimental Set-Up
The experimental Set-Up is shown in Figure S1.
Figure S1
Analytical Methods
[bookmark: _Toc498325668][bookmark: _Toc515103465][bookmark: _Toc475608982]Gas Chromatography – Thermal Conductivity Detector (GC‑TCD)
The volatile compositions of the quenched experimental fluid of run 42 with respect to CO2, H2O and alkanes (from methane to hexane) were quantified using GC‑TCD at the Research School of Earth Science (RSES) at the Australian National University (ANU). A sample‑inlet system allows the capsules recovered from piston cylinder experiments to be heated and pierced under vacuum. The released fluid was analysed with an Agilent Technologies 6850 gas chromatograph equipped with a HP‑PLOT/Q column and a thermal conductivity detector. The GC settings were optimized to separate and satisfactorily resolve CO/air, CH4, CO2, H2O and alkanes. The method, settings, standard calibration and error propagation are described in Sieber et al. (2018). 
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3D, high‑resolution, X‑ray computed tomography (3D‑µ‑CT) was performed for three dimensional visualization of textures, veins and pore spaces and to quantify phase abundances. The rock-core, recovered from run 42, was scanned with a helical CT (‘ANU4’) at the ‘National Laboratory for X‑ray Micro Computed Tomography’ based at the ANU providing a special resolution of 2.3 µm (in x, y and z‑direction) (Latham et al. 2008; Myers et al. 2011). Image processing of the tomographic data was completed at the Department of Applied Mathematics in the Research School of Physics and Engineering at the ANU using the software Mango (Madial Axis and Network GeneratiOn) (Sheppard et al. 2014). The main purpose of using Mango was to filter the raw CT‑data into individual segments referring to either mineral phases or pore space (voids). Segmentation is based on the differences in contrast of the phases in the 3D‑CT caused by different densities and allows quantification of phase abundances. Analytical details and the data processing are described in Sieber et al. (2020). After segmentation, the software package Drishti was used for visualization (Limaye 2012). 
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A Renishaw inVia Raman spectrometer equipped with a Peltier‑cooled CCD detector and connected to a Leica microscope was used in the Research School of Physics and Engineering at the ANU for phase identification. Excitation was provided by either a 532 or 785 nm line with a spatial resolution of 0.8‑1.2 µm and a spectral resolution ~2 cm-1. Laser power on sample ranged between 0.01‑4 mW to avoid beam damage and to limit fluorescence from the sample. 
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A non‑standardized EDS (energy‑dispersive spectrometry) system on a JEOL 6610A was used for phase identification. Quantitative wavelength‑dispersive spectrometry (WDS) - electronprobe microanalysis (EPMA) was performed on a Cameca SX100 at the Research School of Earth Science (ANU), and a JEOL 8200 at the Institute of Geological Science at the University of Bern. Detailed EDS and WDS X‑ray mapping was performed on selected areas of interest and were quantitatively evaluated with the Matlab-based user interface ‘XMapTools’ (Lanari et al. 2014). The data treatment and analytical procedure is described in more detail in Sieber et al. (2020). XMapTools allows, for instance, sampling of the phase composition and abundances within selected areas and across traverses. 
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The distributions of Si, Al, Ca, Ba, Sr and Pb in solid, post-run assemblages were measured by performing line‑scans across experimental samples with LA‑ICP‑MS. Traverses were set close to the profiles sampled with XMapTools. A slit for the laser of 6 x 200 µm (broad x height) was used. For quantification, the time resolved signals were integrated into intervals corresponding to ablation between 5 to 20 s and 43Ca was used as reference element. The Ca content was determined, for corresponding intervals, using XMapTools within EPMA‑maps. Reference points were chosen to match the time‑resolved LA‑ICP‑MS signal with the Ca‑profile from XMapTools. The LA‑ICP‑MS signals were integrated over intervals of ~10 s corresponding to ~20 µm long intervals given an ablation velocity of 2 µm/s. The ‘local bulk’ Ca concentrations, known from the XMapTools profiles, were used for quantification. The results are displayed in Figure 6c,d in the main text. The errors for Sr, Ba and Pb represent the analytical uncertainty, without considering the error of the reference element (Ca) and the uncertainties introduced by the fitting of the Ca‑profile (XMapTools) with the trace element profile (LA‑ICP‑MS). 
For spot analyses and line‑scans, the laser frequency was 5 Hz and a 193 nm EXCIMER‑laser was operated with an energy of ~80 mNm. A Hewlett Packard Agilent 7700 ICP‑mass spectrometer at RSES (ANU) was used for the trace element analysis. NIST 612 was used as the calibration standard and NIST 610 and BCR‑2G were chosen as external, secondary standards for quality control (reference values taken from Jochum et al. (2011)). For data processing, the software Iolite in version 2.5 was applied.
Geothermobarometry
The natural peridotite equilibrated between 1000 and 1100 °C and at ~0.9 GPa. The temperature range was constrained using the two‑pyroxene geothermometers of Brey and Köhler (1990) (T=1094 °C), Taylor et al. (1998) (T=1048 °C) and the Ca in orthopyroxene thermometer of Brey and Köhler (1990) (T=998 ℃) for 1 GPa. The geobarometer of Köhler and Brey (1990) gives a pressure of 0.9 GPa for 1050 ℃. The results from the geothermobarometry fall into the pressure and temperature range reported previously for peridotite xenoliths from the Portrillo volcanic field (Kil and Wendlandt 2004). 
Volume of the peridotite cores
The length and height of the peridotite‑cores before the experiments was measured and a relative error of 10 % was assumed. A larger relative error of 30 % on the measured dimensions after the experiment was assumed, because extracting the entire cores out of the capsule without breaking it was more challenging. Density‑maps (e.g. Figure 5c) were computed for the X‑ray maps using XMapTools by integrating local phase proportions and using mineral densities computed with perple_X. Note that elemental carbon cannot be considered. 
Supplementary Captions
Table S1 Results of mass and volume change in reaction of primary silicates and the peridotite (PO6) to zone 1 and 2.
Figure S1 Experimental set up: A ~4-7 mm high peridotite cylinder was set into a thick-walled Ag‑capsule with an inner diameter of 4 mm. The cylinder was underlain by a mixture of oxalic acid dihydratte (OAD) doped with some Sr‑. Ba‑, Ca‑carbonate and PbO. The capsule was topped up with deionized water. The experiments were run in end-loaded piston cylinder presses using a conversional MgO-C-NaCl assembly.
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