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Fig S1 Matrix-normalized presolar O-rich grain abundances and SiC abundances for chondritic meteorites and material from asteroid Ryugu in parts per million (ppm). All errors are 1 sigma. Data sources: Marhas et al. (2006); Vollmer et al. (2009a); Zhao et al. (2011, 2013. 2014); Floss and Stadermann (2009a, 2009b, 2012); Nguyen et al. (2010, 2023); Leitner et al. (2012, 2016, 2018, 2020); Heck et al. (2013); Davidson et al. (2014a, 2014b 2015); Floss and Haenecour (2016a, 2016b); Haenecour et al. (2018); Nittler et al. (2018, 2020, 2021); Verdier-Paoletti et al. (2020); Barosch et al. (2022a, 2022b); Smith et al. (2023)

[image: ]
Fig S2 Mg-Fe-Si element compositions (in atomic %) obtained by auger electron spectroscopy for presolar silicates from the most pristine carbonaceous chondrites (sky blue circles; Acfer 094, ALHA 77307, DOM 08006, LAP 031117) (Vollmer et al. 2009a; Bose et al. 2010, 2012; Nguyen et al. 2010; Haenecour et al. 2018), minimally altered CR chondrites (deep blue circles; MET 00426, QUE 99177, GRV 021710) (Floss and Stadermann 2009a; Nguyen et al. 2010; Zhao et al. 2013), together with data for silicates from more altered CR and CM chondrites (red circles; EET 92161, GRA 95229, Jbilet Winselwan, Murchison, Murray) (Leitner et al. 2016, 2020), and the C-ungrouped chondrite Adelaide (black diamonds) (Floss and Stadermann 2012). Dotted vertical lines denote the compositions of stoichiometric pyroxene ([Mg+Fe]/Si = 1) and olivine ([Mg+Fe]/Si = 2). The horizontal line marks the border between Mg-rich and Fe-rich compositions
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Fig S3 Aqueous fluid and related inclusions in minerals from different extraterrestrial materials. (a) Aqueous fluid inclusions in Monahans halite. (b) Phase-shift CT image (8 keV) of a micrometer-sized inclusion (m-inclusion) in Sutter’s Mill calcite together with matrix (Tsuchiyama et al. 2021). The micrometer-sized inclusion is empty and has a hexagonal plate shape (inlet). Two large pores are connected to the matrix or the outside of the sample in 3D. The region where a large number of nanometer-sized inclusions (n-inclusions) are distributed is indicated by the dotted circle. TCI: tochilinite-cronstedtite inclusion. (c) Phase-shift CT image (8 keV) of an IOM inclusion in Sutter’s Mill calcite together with matrix. The IOM inclusion contains two bubbles (inlet). (d) STEM image of nanometer-sized inclusions in Sutter’s Mill calcite. The inclusions have facets, and some contain tiny faceted objects as trapped or daughter crystals. (e) TEM bright-field image of an aqueous fluid inclusion (indicated by an arrow) in Sutter’s Mill calcite. Modified from Tsuchiyama et al. (2021). (f) Absorption CT image (7 keV) showing a fluid inclusion in Ryugu pyrrhotite. IOM inclusions with bubbles connected to the exterior are also observed.
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Fig S4 Estimates for the oxygen-isotopic composition of the CM water based on different methods defining a line with a slope of 0.669 ± 0.029 and intercept of -1.92 ± 0.80 (details in text; Clayton and Mayeda 1984, 1999; Baker et al. 2002; Guo and Eiler 2007; Fujiya 2018; Alexander 2019). PCM = primitive chondrule mineral line.
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Fig S5 A) Positive trends observed between bulk dD and C/H ratios obtained for CM and CR chondrites and interpreted as two component mixtures of D-rich organic matter and D-poor/C-free water ices. For CM chondrites, a comparison between data obtained with (Vacher et al. 2020) and without (Alexander et al. 2012) pre-degassing of the samples (48 h, 120 °C under vacuum) prior to analyzing their H-isotope compositions is presented. The linear regressions obtained for these two sets of data have distinct slopes but similar intercepts, within error. The zero intercepts give estimates of the H-isotope compositions of the water ice accreted on the CM and CR parent bodies (Alexander et al., 2012). Results obtained using stepwise pyrolysis for indigenous CM chondrite water (after removal of the weakly-bound water) are also plotted for comparison (Lee et al. 2023). B) The average D/H ratio of IOM in CM chondrites is consistent with the extrapolation of the regression based on the pre-degassed measurements, but inconsistent with those performed without pre-degassing (IOM data from Alexander et al. 2010). Figure adapted from Alexander et al. (2012) and Marrocchi et al. (2023b). Considering the anomalous nature of the C2-ungrouped chondrites Bells and Essebi (e.g., Hewins et al. 2021; Marrocchi et al. 2022), these chondrites were not included in the CM bulk and IOM dataset. These can lead to differences with data reported in Alexander et al. (2010, 2012).  
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Fig S6 C and O isotope in situ analyses obtained on carbonates in CM chondrites (Fujiya et al. 2015; Tyra et al. 2016; Vacher et al. 2017; Telus et al. 2019) and in the CI chondrite Ivuna and in Ryugu’s samples (Fujiya et al. 2023) showing the absence of a unique trend between d13C and d18O. Data in Table S1
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Fig S7 d13C values of Ca-carbonates measured in CM chondrites (Grady et al. 1988; Fujiya et al. 2015; Alexander et al. 2015; Tyra et al. 2016; Vacher et al. 2017, 2018; Telus et al. 2019), CI and Ryugu’s samples (Fujiya et al. 2023) and in the C-ungrouped Tagish Lake (Fujiya et al. 2019) compared to cometary d13C values (in CN averaged over 19 comets and bulk d13C estimated for the 67P/Churyumov-Gerasimenko (67P/C-G) comet visited by the Rosetta mission; Müller et al. 2022 and references therein), d13C of bulk compositions of chondrites (see compilation), chondritic insoluble and soluble organic matter (IOM and SOM) values (data from Alexander et al. 2007, 2010; Naraoka et al. 2023; Pizzarello et al. 2017 and reference therein). 
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Fig. S8 The initial 53Mn/55Mn ratios [(53Mn/55Mn)0] and ages of carbonates in CR, CM, CI, and ungrouped carbonaceous chondrites, hydrated clasts in the Isheyevo CH/CB-like meteorite, and Ryugu samples relative to CV CAIs (ΔtCAI). Data obtained using proper (matrix-matched) standards are shown by filled symbols. The gray band represents the 129I-129Xe age of magnetite from Orgueil (Pravdivtseva et al. 2018).
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