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Fig. S1. Histogram and probability distribution of A'’O values measured on the Clarno kerogen
standard over all the L-SIMS analytical sessions.
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Fig. S2. NanoSIMS images obtained on 40 x 40 um areas in Murchison and Orgueil IOM
showing the distribution of ?C*N, *2C,, 1°0, **Fe®0 and #Si secondary ion species.
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Fig. S3. Plot showing the NanoSIMS *°Q intensity versus the measured 80 values for regions
of interest corresponding to areas with a mixture of IOM and O-rich residual minerals (ROI3), O-
rich hotspots (ROI4), and ‘pure IOM’ areas (ROIS) for five areas analyzed in Murchison and

Orgueil acid-residues.



Table S1. L-SIMS oxygen isotope results. “Indicates the contribution of the **OH™ peak tail on
the measured *'O intensity.

Secondary ion intensity

A _ (cps nAl primary current) 18oH Isotope ratios (%o vs. SMOW)
nalysis %)’

e} Yo e} 30 26 80 26 A0 2

Orgueil IOM
Orgueil_3iso@4 3.80E+06 1.40E+03 7.21E+03 1.7 42 29 62 20 -40 23
Orgueil_3iso@5 3.98E+06 1.47E+03 7.57E+03 1.3 -16 29 55 19 47 2.1
Orgueil_3iso@7 4.07E+06 1.50E+03 7.75E+03 0.8 1.0 29 69 19 -7.4 1.9
Orgueil@2 3.02E+06 1.13E+03 5.82E+03 2.4 59 23 23 24 -08 2.2
Orgueil@3 2.56E+06 9.59E+02 4.94E+03 2.3 65 23 31 25 -03 2.5
Orgueil@4 2.33E+06 8.72E+02 4.49E+03 2.3 6.0 2.3 2.8 2.5 -0.3 2.5
Orgueil @5 6.27E+06 2.37E+03 1.21E+04 15 109 23 105 25 4.9 2.4
Orgueil@6 7.54E+06 2.87E+03 1.46E+04 1.5 163 23 189 24 104 22
Orgueil@9 4.10E+06 1.55E+03 7.99E+03 2.2 169 23 152 24 6.4 2.3
Orgueil@11 2.64E+06 9.92E+02 5.12E+03 2.0 118 23 6.1 2.5 0.0 2.5
Orgueil@12 428E+06 1.59E+03 8.22E+03 1.3 25 23 -42 24 55 2.2
Orgueil@13 3.64E+06 1.37E+03 7.03E+03 1.4 82 23 42 24 -01 2.2
Orgueil @16 2.44E+06 9.12E+02 4.71E+03 18 6.5 2.3 0.3 2.5 -3.1 2.4
Orgueil@17 2.61E+06 9.79E+02 5.08E+03 17 152 23 5.8 2.4 -2.1 2.3
Orgueil @19 1.50E+07 5.57E+03 2.84E+04 2.1 7.3 23 -20 24 -5.7 2.3
Murchison IOM

Murchison_3iso@1 2.57E+07 9.40E+03 4.71E+04 1.7 -65 29 -101 19 -6.7 1.7
Murchison_3iso@2 4.42E+07 1.61E+04 8.14E+04 0.7 75 29 -161 19 -122 1.8
Murchison_3iso@3 2.55E+07 9.45E+03 4.81E+04 1.1 19 29 -07 19 -17 2.0
Murchison_3iso@4 9.77E+06 3.66E+03 1.86E+04 1.9 74 29 66 19 2.7 1.7

Murchison_3iso@5 3.05E+07 1.11E+04 553E+04 1.1 -134 29 -178 19 -109 17
Murchison_3iso@7 1.36E+07 4.96E+03 251E+04 15 -14.4 3.0 -147 20 -7.2 29

Murchison_3iso@8 1.55E+07 5.70E+03 2.89E+04 1.0 -46 29 -73 19 -49 1.8
Murchison@1 1.66E+07 6.10E+03 3.10E+04 2.8 -47 23 -88 24 -63 2.2
Murchison@2 1.42E+07 5.17E+03 2.64E+04 2.8 -180 23 -233 24 -140 2.2
Murchison@5 2.06E+07 7.51E+03 3.82E+04 1.9 -11.8 23 -186 24 -125 2.0
Murchison@6 1.34E+07 4.92E+03 2.52E+04 2.5 93 23 -172 24 -124 21
Murchison@8 7.39E+06 2.73E+03 1.40E+04 4.9 -10.3 23 -145 25 91 2.4
Murchison@9 1.73E+07 6.31E+03 3.21E+04 2.0 -143 23 -19.7 24 -122 22
Cold Bokkeveld IOM
CB_3iso@1 1.41E+07 5.12E+03 2.61E+04 15 -131 29 -198 20 -13.0 2.3
CB_3iso@2 1.56E+07 5.70E+03 2.90E+04 1.4 94 29 -149 20 -10.0 2.2
CB_3iso@3 1.11E+07 4.07E+03 2.06E+04 1.6 -145 29 -8.8 1.9 -1.3 2.0
CB_3iso@4 1.35E+07 4.91E+03 2.52E+04 1.3 -109 29 -230 19 -173 19
CB_3iso@5 1.20E+07 4.42E+03 2.24E+04 1.3 98 29 -109 19 -58 1.7
CB_3iso@6 1.52E+07 5.59E+03 2.83E+04 1.3 59 29 -56 1.9 -2.5 1.6
CB_3iso@7 8.59E+06 3.16E+03 1.61E+04 1.8 -100 29 -121 19 -6.9 1.9
CB_3iso@8 1.71E+07 6.32E+03 3.19E+04 1.1 52 29 -47 1.9 -2.0 1.8




Table S2. NanoSIMS results obtained on Murchison and Orgueil acid-maceration residues.

Area Intensity (cps) Ratio (in %o vs. SMOW for 8'180) IMF corrected (%o)
ROl (um?) %0 o %o 2c, CUN Bsi Prel®Q §%0 16 80 1o C¥N/*C, 16 ®0C, 1o 80 20 &0 20
Murchison #1
All area 1517 31880 116 59.7 16075 6399.7 0.9 36.0 -657 06 -506 15 3.88 0.04 19.8 0.2
Broad O rich 1091 38251 139 716 17042 67100 1.1 452 -66.8 0.7 -51.7 1.6 3.84 0.04 224 0.3
O hotspot 270 68513 247 127.7 1591.3 6259.3 1.1 94.6 -709 10 -586 23 3.84 0.04 43.0 0.5
‘pure’ IOM 314 18985 6.9 35.8 1736.2 69855 0.9 145 -588 19 -502 44 3.92 0.04 10.8 0.2 -0.3 117 -8.1 148
Murchison #2
All area 1529 39379 145 745 1669.1 70471 1.8 40.7 -56.6 0.7 -405 1.7 4.10 0.05 23.1 0.4
Broad O rich 1191 47012 172 89.0 17724 74637 2.0 50.8 -56.2 08 -40.7 1.7 4.10 0.05 26.0 0.4
O hotspot 268 92795 339 1757 1688.2 71684 3.1 123.6 -55.8 1.1 -46.0 26 4.14 0.04 52.9 1.0
‘pure’ [OM 475 21818 81 414 18336 78672 13 159 547 18 -312 41 4.17 005 116 0.2 38 117 109 144
Murchison #3
All area 1548 38520 141 724 1550.8 71384 1.0 23.8 -626 10 -446 1.7 4.44 0.06 24.7 0.4
Broad O rich 999 51440 188 96,5 16223 73716 1.1 32.2 645 10 -459 1.9 4.39 0.05 31.6 0.4
O hotspot 249 109608 39.7 204.4 14451 65308 1.0 64.9 -704 15 -53.0 25 4.37 0.05 76.4 0.7
‘pure’ IOM 400 16439 6.1 31.3 1640.8 7863.2 0.8 9.7 -514 22 -36.7 5.2 4.64 0.05 9.5 0.2 7.1 12.0 5.4 15.8
Orgueil #3
All area 1548 27211 101 528 8165 36829 13 9.8 -325 09 -350 20 4.27 0.07 33.2 0.4
Broad O rich 745 35271 13.0 684 756.8 35745 15 13.2 321 11 -342 25 4.47 0.07 46.4 0.6
O hotspot 191 49642 18.3 96.0 672.7 33454 1.7 19.9 -356 1.8 -444 41 472 0.07 73.2 1.1
‘pure’ IOM 314 17747 6.6 34.3 946.2 40723 1.1 5.4 -36.6 24 -349 56 4.08 0.07 18.6 0.2 219 122 7.2 16.3
Orgueil #4
All area 1531 23537 8.9 46.1 712.6 32738 20 15.3 -228 10 -123 23 4.26 0.09 321 0.6
Broad O rich 901 32093 12.2 629 661.0 33333 29 23.1 216 11 -122 25 4.65 0.11 48.0 0.8
O hotspot 323 49644 189 978 465.2 28013 5.4 42.5 -184 15 -3.2 35 5.53 0.13 106.5 1.6
‘pure’ IOM 272 12251 4.6 23.8 993.2 4146.7 0.7 3.8 -305 33 -195 75 3.89 0.08 115 0.3 280 130 226 19.2




