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Supplementary Fig. 1. Backscatter electron images of quenched charges. (a) and (b) Large vesicles occur in the silicate glass, which indicate equilibrium presence of free CO2-rich vapor under the run conditions. (c) Quenched carbonatitic liquid is composed of dendritic carbonate (DC), irregular carbonate (IC), Si-Al-K-Fe-rich acicular phase (R) and small glass spheres. (d)-(f) Quenched carbonatitc liquids are only collected in the upper most part of the capsule, and there is a distinct boundary between the liquid zone and residual crystalline phases. Abbreations as Figure 3. 
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Supplementary Fig. 2. Total alkalis (Na2O + K2O) versus silica diagram with the relevant fields labeled based on the classification of Le Maitre (1984). Silicate melts and carbonated silicate melts are indicated by red and blue circles, respectively. Experimental melts from previous studies on melting of carbonated sediments are also shown for comparison. 
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Supplementary Fig. 3. EDS analysis of the quenched carbonate spheres. The analyzed compositions (normalized to 100 wt.% on anhydrous basis) are extremely rich in CaO, and such amorphous spheres are inferred be quenched CaCO3-rich carbonates. XCa = molar Ca/ Ca+ Mg+Fe. The sizes of glass spheres are much larger than those of carbonate sphere. 
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Supplementary Fig. 4. Comparison of the solidus for dry calcite, hydrous calcite, and hydrous, CO2-free pelite and basalt.  The solidus temperatures of the hydrous CaCO3 are approximately 500-1000 ℃ lower than those of the dry calcite below 6 GPa. The solidus temperatures of calcite are nearly pressure independent or show a negative correlation with pressure, whereas the solidus of hydrous, CO2-free sediments and basalt have a position Clapeyron slope. Data sources: P58 - Paterson (1958); WB69 - Wyllie and Boettcher (1969); IW75 - Irving and Wyllie (1975); CM03 - Caciagli and Manning (2003); D15 - Durand et al (2015); FM15 - Foustoukos and Mysen (2015); Z19 - Zhao et al. (2019); Pelite-H2O – Nichols et al. (1994); Schmidt et al. (2004); Basalt-H2O – Schmidt and Poli (1998); Kessel et al. (2005). 
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Supplementary Fig. 5. (a) Cross section of the octahedral pressure cell with the edge length of 25 mm as used in the present study; (b) pressure calibration curve which relating the oil pressure to the attained specimen pressure in GPa.
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