Identification of distinct functional microstructural domains controlling C storage in soil
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Table S1: Characteristics of the 18 mass signature classes identified in seven images of the pure standard materials iron oxide (Goethite with different degrees of Al-
substitution), aluminum oxide (Boehmite), and phyllosilicates (lllite and Montmorillonite; Figure S1). All standard materials were attached on adhesive carbon film.
Mean normalized counts (MNC) give the average MNC values of all pixels that were assigned to a given mass signature class (compare figure S2). Ratios were
calculated with the average MNC values.

_Matss Mean normalized counts [MNC] Ratios Compound |
Slgir::stsjre 12 160 28g; 217180 SBFelfQ 56F61602 C/O Si/Al Fe/Al SIO AIO Fe/O groups

1 5.4477 05210 0.0048 0.0112 0.0105 0.0048 (1046 042 137 001 0.02 0.03

2 3.8785 19885 0.0077 0.0472 0.0492 0.0289 | 1.95 0.16 165 000 0.02 0.04 | Carbon film
3 2.0208 3.6100 0.0099 0.0943 0.1609 0.1041 | 0.56 011 281 0.00 0.03 0.07

4 0.0732 52820 0.0003 0.0118 0.3223 0.3105 | 0.01 0.02 5360 0.00 0.00 0.12

5 0.2548 5.0951 0.0004 0.0086 0.3115 0.329 | 0.05 0.05 7489 0.00 0.00 0.13

6 0.1146 52901 0.0010 0.1189 0.2796 0.1958 | 0.02 0.01 400 0.00 0.02 0.09 Fe oxides

7 0.4222 5.0038 0.0013 0.1083 0.2692 0.1952 | 0.08 0.01 429 0.00 0.02 0.09

8 0.8836 4.5689 0.0017 0.0861 0.2667 0.1930 | 0.19 0.02 534 000 0.02 0.10

9 0.7396 4.9005 0.0376 0.1550 0.1067 0.0607 | 0.15 024 108 0.01 0.03 0.03

10 0.0547 5.4463 0.0006 0.4984 0.0000 0.0000 | 0.01 0.00 000 0.00 0.09 0.00

11 0.0154 5.6467 0.0004 0.3375 0.0000 0.0000 | 0.00 0.00 000 0.00 0.06 0.00 Al oxides
12 0.2683 5.1444 0.0068 0.5804 0.0000 0.0000 | 0.05 0.01 000 000 0.11 0.00

13 0.5141 49230 0.0023 0.5606 0.0000 0.0000 | 0.10 0.00 0.00 0.00 0.11 0.00

14 0.1335 55285 0.1186 0.2192 0.0001 0.0000 | 0.02 054 000 0.02 0.04 0.00

15 0.3990 5.2662 0.0840 0.2505 0.0002 0.0001 | 0.08 0.34 000 0.02 0.05 0.00

16 0.8902 4.7512 0.0541 0.3043 0.0002 0.0001 | 0.19 0.18 0.00 0.01 0.06 0.00 |Phyllosilicates
17 0.0539 5.7216 0.1176 0.1063 0.0005 0.0001 | 0.01 1.11 001 0.02 0.02 0.00

18 0.1745 55891 0.1065 0.1294 0.0005 0.0002 | 0.03 0.82 0.00 0.02 0.02 0.00




Table S2: Characteristics of the 20 mass signature classes identified in the resin-embedded sample containing Quartz, lllite, Goethite, and spruce needle (Figure S3).
Mean normalized counts (MNC) give the average MNC values of all pixels that were assigned to a given mass signature class (compare figure S4). Ratios were
calculated with the average MNC values.

y I\:::jre Mean normalized counts [MNC] Ratios Compound | -
?:Iass 2¢ by ¢l Bgj  ZaAR%0 SSEel®o| C/O N/O  SWAl SO FelSi Fe/lAl CIN groups
1 40593 14989 04166 0.0155 0.0096 0.0001 | 271 028 161 001 000 001 0974
2 3.6083 2.2047 0.1793 0.0048 0.0028 0.0001 [ 1.64 008 173 000 0.03 005 20.13
3 3.2234 21812 0.5861 0.0042 0.0048 00002 [ 148 027 086 000 0.05 005 550 Resin
4 3.0636 2.4999 0.4263 0.0041 0.0058 0.0002 { 1.23 0.17 071 000 0.06 004 7.19
5 2.6379 29329 04152 0.0051 0.0086 0.0004 ( 090 014 059 000 0.07 004 635
6 2.6183 1.8952 14728 0.0052 0.0083 0.0002 | 1.38 0.78 0.63 000 0.04 002 178
7 1.0742 1.0460 3.8679 0.0026 0.0093 0.0000 [ 1.03 3.70 028 0.00 0.02 0.00 0.28
8 0.7896 1.6606 3.5385 0.0062 0.0051 0.0001 ( 048 213 123 000 0.01 002 0.22 POM
9 16486 1.4980 2.8444 0.0037 0.0052 0.0001 | 1.10 190 0.70 000 0.02 002 0.58
10 14398 2.6603 1.8684 0.0153 0.0156 0.0007 | 0.54 070 098 001 0.04 004 0.77
11 0.7799 4.0260 1.1062 0.0392 0.0475 0.0011 | 019 027 083 001 0.03 002 071
12 0.2940 5.4242 0.1435 0.0780 0.0587 0.0016 { 0.05 0.03 133 001 0.02 003 205
13 0.0831 5.7638 0.0345 0.0644 0.0539 0.0004 [ 001 001 119 001 001 o001 241
14 0.7425 49380 0.1693 0.0625 0.0817 0.0060 [ 0.15 003 0.76 001 010 007 438 Phyllosilicates
15 0.6659 4.6708 0.4988 0.0574 0.1051 0.0020 ({ 0.24 011 055 001 0.03 002 133
16 12151 4.3442 0.3067 0.0586 0.0724 0.0031 | 0.28 0.07 081 001 0.05 004 396
17 17421 32699 0.9434 0.0195 0.0242 0.0009 [ 0.53 029 081 001 005 0.04 185
18 2.0107 35629 0.3734 0.0187 0.0327 0.0016 | 056 0.10 057 001 0.08 005 538
19 0.0215 5.8373 0.0107 0.1298 0.0006 0.0000 [ 0.00 0.00 21390 0.02 0.00 004 202 Quarz
20 0.1926 5.6383 0.0346 0.1283 0.0060 0.0001 | 0.03 0.01 2153 002 0.00 002 557




Table S3: Characteristics of the 30 mass signature classes. Mean normalized counts (MNC) give the average MNC values of all pixels that were assigned to a given
mass signature class (compare figure S7). Ratios were calculated with these average MNC values. Total coverage gives the relative area that is covered by the given
mass signature class across all 40 images (compare figure S8). For the grouping of the 30 mass signature classes in 10 compound groups please check figure S9. Colour
defines the appearance of the class in figure 2 and figure S8.

y “:::;re Mean normalized counts Ratios Total coverage|  Compound Colour
gclass 2¢ 160y 12014y 28g; 2771160 S6al60 C/O N/O CIN SilAl SO  FelSi FelAl [area %] groups
1 4.9771 0.2632 0.7398 0.0104 0.0085 00011 | 1891 281 673 122 004 010 0.12 0.02
2 5.0859 0.4755 0.4109 0.0126 0.0142 0.0009 | 1070 086 1238 089 003 007 007 0.62 Bores
3 5.0092 0.8376 0.1387 0.0072 0.0068 0.0005 | 598 017 3611 106 001 008 008 2.39
4 3.8107 1.3657 0.7565 0.0298 0.0359 00005 | 279 055 504 083 002 005 004 3.34
5 1.0115 1.3709 3.5823 0.0066 0.0276 0.0010 | 074 261 028 024 000 016 004 3.83 oM
6 0.2222 0.5601 5.2111 0.0019 0.0046 00002 | 040 930 004 041 000 009 004 3.65
7 0.5533 2.6001 2.7682 0.0207 0.0562 00015 | 021 106 020 037 001 007 0.03 2.61 OM + Akrich
8 0.5034 3.5187 1.8386 0.0314 0.1054 00025 | 014 052 027 030 001 008 002 3.85 phyllosilicates ||
9 0.0925 5.3420 0.2806 0.0508 0.2277 0.0063 | 002 005 033 022 001 012 003 2.70 Al-rich phyllo-
10 0.1370 4.7140 0.9489 0.0412 0.1555 00034 | 003 020 014 026 001 008 002 11.06 | silicates + OM
11 0.2495 5.0129 0.5988 0.0442 0.0843 00103 | 005 012 042 053 001 023 0.12 1.18 F
12 0.0771 5.6335 0.1210 0.0671 0.0945 0.0068 | 001 002 064 071 001 010 007 6.56 Al-rich
13 0.0453 5.3666 0.4762 0.0565 0.0531 00022 | 001 009 010 106 001 004 004 6.24 mineral grains
14 0.0177 5.8088 0.0636 0.0968 0.0117 00014 | 000 001 028 830 002 00l 012 3.63
15 3.2278 2.3509 0.2628 0.0806 0.0748 00030 | 137 011 1228 108 003 004 004 1.52 F
16 2.5208 2.1014 1.2516 0.0456 0.0782 00025 | 120 060 201 058 002 005 003 113 (OM +) Si-rich
17 2.3710 3.0249 0.3082 0.1276 0.1626 00057 | 078 010 769 078 004 004 004 0.58 phyllosilicates
18 1.9906 3.3400 0.4512 0.1050 0.1089 00043 | 060 014 441 096 003 004 004 1.90
19 1.3033 41982 0.2003 0.1476 0.1442 00064 | 031 005 651 102 004 004 004 3.18 Si-rich phyllo-
20 0.8572 4.2038 0.5606 0.1548 0.2163 00073 | 020 013 153 072 004 005 003 1.00 silicates + OM
21 0.5667 4.9660 0.1312 0.1533 0.1744 0.0083 | 011 003 432 088 003 005 005 5.53 Si-rich
22 0.2074 5.3696 0.0775 0.1404 0.1968 00083 | 004 001 267 071 003 006 004 1.93 phyliosilicates
23 0.0814 5.6039 0.0133 0.2461 0.0535 0.0018 | 001 000 614 460 004 001 003 10.23
24 0.0305 5.7434 0.0081 0.2035 0.0135 00010 | 001 000 378 1506 004 001 008 19.65 sirich
25 0.0503 5.4009 0.0066 0.5341 0.0068 00013 | 001 000 761 7825 010 000 0.19 1.46 mineral grains
26 0.0441 4.4693 0.0052 1.4660 0.0074 00079 | 001 000 841 19833 033 001 107 0.01
27 0.2792 5.5370 0.0167 0.0721 0.0729 00222 | 005 000 1674 099 001 031  0.30 0.08
28 0.2451 5.3538 0.0424 0.1317 0.0720 0155 | 005 001 579 183 002 118 215 0.04
29 0.1298 5.5363 0.0286 0.0343 0.1400 01309 | 002 001 453 025 001 381 093 0.04 Metal oxides
30 0.0460 5.6450 0.0558 0.0306 0.0595 01630 | 001 001 08 051 001 532 274 0.07




Table S4: Relative area that is covered by a specific mass signature class in each of the 40 images (compare Figure 1 and 2 and figure S8) - each line sums up to 100%.
For the grouping of the 30 mass signature classes in 10 compound groups please check figure S7 and S9. For more details on the clustering of the 40 images into three
microdomains please check figure S10.

Mass signature class coverage [area %]
NanoSIMS OM + Akrich | Abrich . _ . N Strich Sirich A _ _ _ _
Pores POM - phyllosilicates Al-rich mineral grains (OM +) Si-rich phyllosilicates | phyllosilicates - Si-rich mineral grains Metal oxides Microdomain
Image phyllosilicates phyllosilicates
+0OM +OM
PN s 4| s "6 | 7 @M o w0 13 14 17 19 23 24 25 26 28 29

A5 0.00 0.00 0.00 11.37) 2241 137 337 861 11.07 2362 230 4.06 328 048 000 311 006 132 039 187/ 042 050/ 008 031 0.00 000 0.00f 000 0.00 0.00 C
B4 000 000 737 234 000 000 000 000 000 000 000 009 000 000 19 001 048 138 314 002 475 144 39.04 3797 000 000 0.01f 0.00 0.00 0.00 A
B6 0.00 0.00 378 696 155 005 101 177/ 088 249 143 1372 074 003 257 090 111 390 9.08 155 1890 632 11.39 955 010 0.00 0.16[ 0.02 0.06 0.00 A
C5 000 0.00 0.00 0.00 000 000 000 000 000 0.00 000 000 000 000 000 000 000 002 005 000 005 000 902 9.8 000 0.00 0.00 0.00 0.00 0.00[ pure mineral
C7 000 000 0.00 0.03f 040 000f 045 117/ 198 6.000 076 7.07 442 4078 000 014 000 020 0.12 020 0.06 001 000 3566 000 0.00 0.01f 0.00 0.00 0.53
D4 000 001 223 651 000 000f 000 018 015 0.21] 0.09 790 0.00 010[ 409 073 181 366 915 1.30[ 16.04 4.09( 21.31 1418 313 0.00 150/ 036 073 0.53 A
D6 0.00 013 346 373 000 0.00f 0.00 0.000 000 0.00f 0.00 203 000 025 413 017 129 277 656 0.11] 12.65 6.67| 573 49.69 048 000 0.07f 0.08 0.01 0.00 A
E3 000 0.00 0.00 0.0 018 0.05 027 353 0.00 8456 689 000 453 0.00[ 000 000 000 0.00 0.00 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00 puremineral
E5 000 001 000 157 1312 3937 544 740, 239 1730 139 419 597 057 000 086 000 013 003 027( 000 000f 000 000 000 000 0.0 000 0.00 0.00 C
F1 0.00 0.00 0.00 0.00 10.94 0.44| 3549 3367/ 0.00 1562 045 011 3.04 007 000 000 000 0.00 0.00 000 000 000 000 017 000 0.00 0.00 0.00 0.00 0.00 C
F2 000 0.00 0.00 0.00 2051 76.33 179 054 0.00 033 000 008 026 015 000 000 000 0.0 0.0 0.00 000 000 000 000 000 000 0.00f 000 0.00 0.00 C
F4 0.00 020 1568 539 0.00 000 007 017/ 083 0.61| 011 458 014 009 416 047 098 404 721 070 1154 598/ 845 2756 0.73 0.00 0.20 0.04 0.05 0.00 A
F6 000 076 443 808 000 000f 000 005 023 019 013 405 002 000f 58 09 173 560 954 107 1543 581 1957 1617 033 0.00 0.01f 0.03 0.00 0.00 A
Gl 0.00 0.00 0.00 010 081 053 114 234 844 489 161 1752 106 548 000 576 004 318 140 216 384 081 0.05 3852 0.00 0.00 0.01f 001 010 0.19 B
G2 000 000 0.00 0.00 051 009 044 043 000 124 079 199 9451 0.00[ 000 000 000 0.00 0.00 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00[ pure mineral
G3 0.00 0.00 0.00 0.00f 14.88 6.97 9.06 14.41] 0.02 4558 0.63 0.00 845 0.00( 000 000 000 0.00 0.00 000 000 000 000 000 000 000 0.00 000 0.00 0.00 C
G5 0.00 0.04 008 1815 153 093 105 211 991 441 1.09 7.8 075 114 28 814 064 552 342 285 849 573 065 1267 000 0.00 0.01f 0.00 0.00 0.00 A
G7 0.00 0.00 0.00 097 11.73 0.22[ 6.71 10.33| 16.38 29.95| 1.84 1025 693 0.00( 0.00 274 000 029 0.04 150 0.07 003 000 000 0.00 000 0.00f 0.00 0.00 0.00 C
H1 0.00 0.00 0.00 0.00f 106 000 219 617 2240 1368 264 2606 341 1091 000 3.04 000 095 026 205 120 028/ 0.09 307 0.00 000 0.01f 000 0.02 050 C
H2 000 000 0.00 006 027 000 224 506 000 351 1257 47.09 1690 065 002 269 000 415 216 196 068 0.00( 000 000 000 000 0.01f 0.00 0.00 0.00 C
H4 000 078 412 697 000 000f 000 008 038 019 005 091 007 001 356 08 129 289 58 090 1294 458/ 4174 1074 104 0.00 0.000 0.00 0.00 0.00 A
H6 000 0.00 0.00 0.000 0.00 000 000 000 000 0.0 000 000 000 000 000 000 000 0.00 000 000 001 000f 1406 8592 000 0.00 0.000 0.00 0.00 0.00 pure mineral
12 000 0.00 0.00 0.00f 12.19 17.71f 885 1314/ 0.07 3819 153 079 752 000[ 000 000 000 0.00 0.00 0.00 000 000 000 000 000 000 0.00f 000 0.00 0.00 C
13 0.00 0.00 0.00 0.00] 1311 039 7.04 929 157 3264 110 593 2846 046 0.00 0.00 000 000 0.00 0.000 0.00 000 000 0.00 0.00 000 0.00f 0.00 0.00 0.00 C
15 077 693 299 359 0.04 000 002 018 000 003 000 004 000 000 121 233 195 166 424 546 7.48 166 1420 0.03 4423 052 0.00f 043 0.00 0.00 A
17 000 000 0.00 014 476 025 290 535 885 1891 1.96 11.20 10.77 3407 000 016 000 0.03 0.01 030 001 000f 000 035 000 000 0.00 000 000 0.00 C
J2 000 000 0.00 0.00 823 0091 511 1016/ 0.38 39.89] 273 286 2970 002 000 000 000 0.0 0.00 0.00 000 000 000 000 000 000 0.00 000 000 0.00 C
J4 000 013 260 432 030 000 021 044/ 014 029 018 168 006 003 259 099 115 333 6.02 138/ 10.26 3.78) 39.83 1699 329 0.00 0.000 0.00 0.02 0.00 A
J6 0.00 040 933 11.62 140 000 045 089 031 053 044 442 024 007 507 191 141 531 855 179 16.38 6.49 840 1300 043 0.00 0.55 010 044 0.08 A
J8 0.00 0.00 0.00 001 08 0.00f 110 226 079 184 122 2345 504 2878 0.00 013 000 015 0.08 0.63] 010 0.09] 0.00 3348 0.00 000 0.00f 0.00 0.00 0.00 B
K3 000 005 010 738/ 006 000 012 040, 1.8 071 056 534 035 005 067 138 025 226 265 092 523 238 1490 5234 009 0.00 0.00f 0.0 0.00 0.00 A
K5 0.00 1469 1060 751 266 018/ 157 211 019 215 0.07 008 023 000f 329 298 38 295 871 591 1533 463 974 005 047 000 0.00f 001 0.02 0.00 A
K7 0.00 0.00 0.00 024 387 014 279 4.49| 1042 32.62| 0.77 2333 10.84 949 000 054 000 011/ 0.01 019 0.01 001f 001 013 000 0.00 0.000 0.00 0.00 0.00 C
K9 000 000 0.00 112 561 037 261 628 774 2111 1.81 1148 453 1279 000 091 001 045 012 110 0.09 008/ 007 2116 000 0.00 0.00f 0.00 0.00 0.58 B
L4 0.00 0.00 368 373 003 0.00f 0.03 004 013 011 007 366 007 004 38 048 105 458/ 964 0.63 1449 355 2582 2279 127 000 018/ 0.09 0.00 0.00 A
M5 0.00 0.09 482 502 000 000 000 000 002 008 005 159 001 032 456 013 081 433 857 033 11.54 1.05( 29.33 26.36 0.76 0.00 0.22 0.02 0.00 0.00 A
N4 000 000 083 247 000 000f 000 001 008 005 002 233 001 004 223 051 08 254 492 041 858 271 49 6640 000 0.00 0.03 002 005 0.00 A
N6 000 0.02 1664 877 029 000 023 050 014 055 012 250 016 002 418 076 109 344 615 074 940 307 2380 1712 020 0.00 0.01f 0.04 0.00 0.06 A
05 000 000 0.00 0.02f 000 000 000 000 000 000 000 000 000 014 017 001 000 035 059 0.00 038 000 4713 50.88 0.32 0.00 0.00f 0.00 0.00 0.00 A
P4 000 012 171 401f 013 000 015 0.29] 026 055 004 326 004 029 29 106 113 359 680 143} 1201 432[ 1785 3681 047 0.00 0.02] 034 016 0.21] A




Figure S1: Test data set 1 for the identification and discrimination of seven pure standard materials (Table
S1). All seven standard materials were attached to an individual adhesive carbon film and measured
separately. The results are shown as false color images (upper set; red: 28Si, green: 2’Al*%0, blue: *Fe'®Q)
and classification images (lower set). Images a, b, and ¢ show synthesized iron oxide minerals (Goethite)
with increasing aluminum substitution (from left to right). Image d to g show minerals from natural mineral
deposits — d: industrial iron oxide (Goethite), e: aluminum oxide (Boehmite), f: phyllosilicates (lllite), and
g: phyllosilicates (Montmorillonite). All materials were attached to adhesive carbon film.
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Figure S2: Elemental composition of the 18 mass signature classes extracted from NanoSIMS images of
test data set 1 (Figure S1 and table S1) shown as mean normalized counts (MNC) for all six secondary ions
(2C, 0, si, 27Al**Q, Fel®0, *Fel®0,). The 18 mass signature classes are grouped in five compound
groups.
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Figure S3: Test data set 2 for the identification and discrimination of three standard materials (Spruce
needle, phyllosilicates (lllite), and Si oxide (Quartz)), which were mixed together, resin-embedded, the
resulting block cut, and polished. The results are shown as false color images (upper set; red: %Si, green:
12CI14N, blue: #’Al**0) and classification images (lower set) of 18 NanoSIMS measurements taken at
different locations on the cut, and polished resin block (please see table S2 and figure S4).
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Figure S4: Elemental composition of the 20 mass signature classes extracted from 18 NanoSIMS
measurements taken at different locations on test data set 2 (Spruce needle, phyllosilicates (lllite), and Si
oxide (Quartz); Figure S3 and table S2) shown as mean normalized counts (MNC) for all six secondary
ions (*2C, %0, 12C¥N, 2Si, 2’ Al**Q, %°Fel®0). The 20 mass signature classes are grouped in four compound

groups.
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Figure S5: Effect of preprocessing and normalization on 40 NanoSIMS images as presented in false color
composites (red = 28Si, green = 2C1N, blue = 2’ AI**0O) and on mass signatures of six selected classes. The
left mosaic is built of 40 images of raw, non-normalized counts, and the right mosaic contains 40 images
with preprocessed and normalized counts. In both mosaics, the 40 images are sorted into the three functional
microdomains (Figure S10) and pure mineral images (Table S4). The four graphs below the mosaics show
the mean and standard deviation for three classes from Microdomain A and three classes from
Microdomains B+C as affected by pre-processing and normalization.

10,000 4

8,000 4

6,000 4

Counts

4,000 4

2,000 4

10,000 4

8,000 4

6,000 4

Counts

4.000 A

2,000 4

00.0

Microdomain A 3

1.000.0

. . 1,500.0
Microdomains B+C

1.000.0

500.0

06
Microdomains B+C

(¥ > QO O o > S o
\5\, S 5\& 73 ,,c/{.‘-’ &8
NS LTS = S
2
1
. 0 +
12C 160 14N12C 28Si 27A1160 56Fel60 12C€ 160 14N12C 288i 27A1160 56Fel60

10



Figure S6: Elemental composition of the 30 mass signature classes shown as counts (no preprocessing and
normalization was applied) for all six secondary ions (*2C, 1°0, ¥N2C, 2Sj, 2’ Al*®Q, 6Fe!®0). The 30 mass

signature classes are grouped in 10 compound groups, based on the cluster analysis shown in figure S9.
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Figure S7: Elemental composition of the 30 mass signature classes shown as mean normalized counts
(MNC) for all six secondary ions (1*C, 1°0, 1“N*2C, 2Si, 2’Al'®0, 5®Fe!®Q). The 30 mass signature classes
are grouped in 10 compound groups, based on the cluster analysis shown in figure S9.

6 06 —1 6 1 0.6 5
Pores J— POM —
5 04 —3 5 4 0.4
4
4 02 4 02
) 9
Zs Z3 4 0.0
. = ]
2 & \k‘o \'°0 ) < & \bo \bo
T ca A
LA N P
1 14
0 0
6 ., 06 —7 6 . 06 9
OM + Al-rich P Al-rich phyllo- 10
3 phyllosilicates 0.4 5 silicates + OM 04
4 4 02 4 02
1 %]
Z3 0.0 Z3 0.0
- v > o - A O
P FoF @S 2 & F &
X nv?' c&Q W ".:\Y. o
14 1
] . 06 .., 06 —15
Al-rich (OM +) Si-rich — 16
5 mineral grains 04 5 phyllosilicates 04 17
—18
4 0.2 4 02
1 4 %]
£3 0.0 Z3 0.0
= / - e e N
2 4 5 N ,\:gf’ \\uo z\@
\ F L
1 / K 1
o .
6 . 06 —19 . 0.6 —21
Si-rich phyllo- —0 Si-rich phyllo- —_
3 silicates + OM 04 5 silicates 04
4 02 4 02
9] 9] 7#—\
Z3 0.0 Z3 0.0
- . .
e @ - & F @ ®
2 o 2 T
o N A 0
1 1
0 0 ——
06
6 Si-rich 6 Fe oxides
5 mineral grains 5
4 4
] 9]
zs Z3
= =
2 2
1 1
0 0
12C 160 14N12C 2881 27A1160 56Fel60 12C 160 14N12C 28Si 27A1160 56Fel60

12



Figure S8: Classification images of 40 NanoSIMS measurements sorted into three functional microdomains
and pure minerals (Table S4, figure S10). The 30 mass signature classes (Figure S7) are clustered in 10
compound groups (Figure S9).

Microdomain A

Microdomain B

Microdomain C

Pure Mineral

& Vm‘ ’C = °§
1]2]3 ] B EBR 9w

> Y . o
> ¥ N & ¢ N NN 3 o
& OQ W& IS S & & NS) OV\ & & & F
R R Y. @ R Q NS > X
@x & X %x \Qé ) %&(‘ . @Q %x &> .6\\\0 \@é Q@o
S ® \’Q db\’@ Qé‘b \O@ $0 é\;ﬁ. ds@: 6\,0 &Q'Q‘D'
$ > N ¢ B &

13



Figure S9: Clustering of the 30 mass signature classes into 10 compound groups. We used the mean
normalized counts of all six secondary ions to group classes of similar mass signatures using a squared
Euclidean distance approach (left diagram). 15 classes were similar in this first clustering step and were
clustered in a second step based on the three secondary ions 2Si, 2’Al**0, and %°Fe'®O (right diagram).
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Figure S10: Clustering of 36 NanoSIMS images into three functional microdomains. The four
measurements that covered only single mineral grains (C5, E3, G2, and H6) were not included. We used
the relative coverages of the 30 mass signature classes in each image (Table S4) to group images with
similar coverages using a squared Euclidean distance approach.
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Figure S11: Energy-dispersive X-ray spectra of eight spots representative for the Si-rich minerals grains
(upper left) and Si-rich phyllosilicates (lower left) and Al-rich mineral grains (upper right) and Al-rich
phyllosilicates (lower right). We normalised each spectrum on its highest peak to allow a qualitative
comparison between the different measurements. The code in the brackets following the class humber give
the NanoSIMS image were the spectrum was taken (Figure 1). The letters next to the peaks give the

corresponding element.
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