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Table S1. Diverse methods used to prepare and analyze the sample surface: ion images and mass resolution comparison

Surface preparation Total positive ion image | Pixel size (nm) '(\IA:?ISS'_'T/T c;lturtri?zn208)
Dry polishing Figure Sla 586 5100

Dry polishing _

E'Sgb‘g'e:’izagmw'i't‘r‘]ag'“g Figure S1b 390 3500

massive argon clusters)

Microtome cut Figure Slc 390 4800

F——100.00 ym

——50.00 um
102 10° s 102
30 y :
: 4
25 08
3
20 06
15 : 2
04
10
02 F !
05 &
3 00 H
total 00 total total ’
MC: 322:; TC: 8.967e+006 MC: 1021; TC: 3.862e+008 MC: 451; TC: 4.751e+007

Figure S1: Total ion images recorded with the methods used to prepare and analyze the sample surface (see Table S1). a: dry polishing; b: dry
polishing plus dual beam imaging (sputtering with massive argon clusters); c: microtomy.
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Table S2: Fragment ions detected in the Pp1 sample in positive mode.

Localization Attribution Measured Theoretical Standard Possible amino acid
mass (m/z) mass (m/z) deviation
(ppm)
Around the CH,N* 28.020 28.018 71 All amino acids
CZ’;‘éasrﬁsvrﬁs CoHeNO* 60.046 60.044 33 All amino acids (serine iminium ion)
part of t_he S,H,* 65.963 65.959 61
preparation CaHeN" 68.046 68.049 44 Lysine, Proline
CHaN* 70.062 70.065 43 Asparagine, Lysine, iSOLGUCin(ep'rt?;cei?s{i;/iilm?éxethionine’ Threonine, Proline
CsHioN* 72.080 72.081 -14 Aspartic acid, Lysine, isoLeucine, Leucine, Valine (valine iminium ion)
S;H,0* 81.963 81.954 109
C4H6NO+ 84.048 84.044 48 Asparagine, Threonine
CsHioN* 84.086 84.081 59 Asparagine, Lysine
C4HgNO* 86.065 86.060 58 Hydroxyproline (hydroxyproline iminium ion)
Browner part C3HgNg* 87.082 87.079 34 Arginine
o eg;tr';eﬁ on CaHioNs* 100.088 100.087 10 Arginine
only CsHgN3z* 110.067 110.072 -45 Arginine, Histidine (histidine iminium ion)
CgHioN* 120.085 120.081 33 Phenylalanine (phenylalanine iminium ion)
CgH1oNO* 136.078 136.076 15 Tyrosine (tyrosine iminium ion)
Top layer CH,N* 28.017 28.018 -36 All amino acids
CHsN* 30.032 30.034 -67 All amino acids (glycine iminium ion)
CsHs* 41.035 41.039 -97 All amino acids
CoHgN* 44.052 44.049 68 All amino acids (alanine iminium ion)
CoHgN* 46.062 46.065 -65 All amino acids
C3HgN* 56.052 56.049 -54 All amino acids
C3HgN* 58.066 58.065 17 All amino acids
C,HgNO* 60.049 60.044 83 All amino acids (serine iminium ion)
CaHgN* 68.045 68.049 -59 Lysine, Proline
CaHaN* 70.062 70.065 43 Asparagine, Lysine, isoLeucin(ep,rl(_’Til:]r;ir;rv;,i;/iilm?érl:;lethionine, Threonine, Proline
CsHgNO™ 72.047 72.044 42
CsHioN* 72.079 72.080 -14 Aspartic acid, Lysine, isoLeucine, Leucine, Valine (valine iminium ion)
CsHs0," 73.026 73.028 -27 All amino acids
CoH7N5* 73.064 -27 Arginine
or 73.062 or or or
C,H,0* 73.065 -41 Valine
CsHgN* 80.049 80.049 <10 Multiple amino acids
CsHgN™ 82.067 82.065 24 Multiple amino acids
CeHio+ 82.079 82.078 12 Multiple amino acids
C4HgNO* 84.048 84.044 46 Asparagine, Threonine
CsHioN* 84.085 84.081 48 Asparagine, Lysine
CeH1* 84.095 84.093 24 Multiple amino acids
C,HgNO* 86.065 86.060 58 Hydroxyproline (hydroxyproline iminium ion)
CsHiN* 86.100 86.096 46 Isoleucine, leucine (leucine and isoleucine iminium ion)
CsHgN3* 87.079 67
or 87.085 or or Arginine
CsHy,O* 87.080 57
CsH7N,* 95.058 95.060 -21 Arginine, histidine, lysine
C3Hs0,S* 104.994 105.000 -57
CgHgN™ 118.077 118.065 101 Phenylalanine, tryptophan, tyrosine
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CgHyoN* 120.081 120.084 -25 Phenylalanine (phenylalanine iminium ion)
CgHyiN* 121.087 121.088 -8 Phenylalanine
CeH1sN,0," 147.114 147.113 7 Glutamine

The following figures present the reference mass spectra of raw linseed oil or with lead oxide added.
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Figure S2: TOF-SIMS spectrum of raw linseed oil (Kremer) recorded in positive polarity.
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Figure S3: TOF-SIMS spectrum of raw linseed oil with lead oxide (PbO) recorded in positive polarity.
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Table S3: Characteristic ions and tentative assignments for reference mass spectra from Figures S2 and S3.

lon(s) Measured Theoretical Standard Attribution
mass (m/z) mass (m/z) deviation
(ppm)
CoHs* 29.038 29.039 -34
CsHs* 41.037 41.039 -49
CH;* 55.049 55.054 -91
CsHy* 69.066 69.070 -56
C/H;* 91.062 91.054 88 Hydrocarbon chains from triacyclglycerols and fatty acids fragments.
C/Hy* 95.092 95.086 63
CgHys* 109.102 109.101 9
CioHo* 129.068 129.070 -15
or CsHsO5" or 129.055 or 100
CoH1505" 171.108 171.102 35 Acylium ion [M - OH]"; M = HOOC(CH,),COOH (azelaic acid) *
Pb* 207.969 207.976 -33 Lead oxide added to the oil
PbOH* 224.975 224.978 -13 Lead oxide added to the oil
CuHz02" 227.178 227.201 -98 (CH2)15COOH* or HOOC(CH,);CO(CH,)s*

PbC,H™ (?) 232.982 232.984 -9
CiH3:0" 239.263 239.236 113 Acylium ion [M - OH]*; M = CH3(CH,);4,COOH (palmitic acid)
PbC,H;0* 250.987 250.994 -28 [Pb + COCH3]*

PbC,H;0,* 266.985 266.989 -15 [Pb + OCOCH;]*

PbC;3H,0* 267.026 -154 [Pb + OCH,CH;]*
CigH3s0™ 267.293 267.268 94 Acylium ion [M - OH]*; M = CH3(CH,);sCOOH (stearic acid)

PbC;3H30,* 278.987 278.989 -7 [Pb + OCOCH=CH,]*

PbC,H,O* 279.026 -140 [Pb + OC(CH,),CHs]* (Pb + acylium ion)
CisH330," 281.243 281.248 -18
C1oH3705" 313.276 313.274 6 Acylium ion [M - OH]*; M = C3HsO(C16H3:0,)* (glycerol monopalmitate)
CyiH4 05" 341.307 341.306 3 Acylium ion [M - OH]*; M = C3HsO(C15H350,)* (glycerol monostearate)
Co1H4305" 367.329 367.321 21 Acylium ion [M - OH]* ; M = C3HO(CaoH370,)*
PbCyH;,0,* 377.115 377.099 42 [Pb + OCO(CH,);CH=CH,]* (Pb + carboxylate fragment ion)
PbC1H»,0* 377.135 -53 [Pb + OC(CH>)sCHs]* (Pb + acylium ion)
Ca6Hs:0," 395.366 395.388 -56 Acylium ion [M - OH]" ; M = C3HO(Cy,H4102)*
Pb,* 415.926 415.953 -65 Lead oxide added to the oil
Pb,O* 431.922 431.948 -60 Lead oxide added to the oil
Pb,O," 448.930 448.950 -45 Lead oxide added to the oil

Pb,C3Hs0* 472.924 472.987 -133 [2Pb + OCCH,CHs]* (2Pb + acylium ion)

Pb,C;H50,* 488.913 488.982 -141 [2Pb + OCOCH,CHj3]* (2Pb + carboxylate fragment ion)
CsoHe305" 495.454 495.477 -46 (C16H3202)(C16H30)*

Pb,C,H,0,* 502.934 502.997 -125 [2Pb + OCO(CH,),CH3]* (2Pb + carboxylate fragment ion)
CssHe704" 551.501 551.503 -4 Acylium ion [M - OH]*; M = C3Hs(C16H3:0,)(C1sHz10,)" (glycerol dipalmitate)
CaHnO4* 579.578 579.535 74 Acylium ion [M - OH]"; M = C3Hs(Ci6H3102)(CisH3s02)"
CaoH7504* 607.635 607.566 114 Acylium ion [M - OH]*; M = C3Hs(C1sH350,)(C1sHasO2)* (glycerol distearate)
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Figure S4: TOF-SIMS spectrum of raw linseed oil (Kremer) recorded in negative polarity.
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Figure S5: TOF-SIMS spectrum of raw linseed oil with lead oxide (PbO) recorded in negative polarity.
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Table S4: Characteristic ions and tentative assignments for reference mass spectra from Figures S4 and S5.

lon(s) Measured Theoretical Standard Attribution
mass (m/z) mass (m/z) deviation
(ppm)
CH 25.010 25.008 80
CHOy 44.995 44.998 -67 HC(0)O
C;H,0; 58.003 58.006 -52 H,C-C(0)O
C3H30, 71.012 71.014 -28 H,C=CHC(0)O"
C:Hs07 73.027 73.030 -41 H3C-(CH,),-C(0)O
C4HsOy 85.033 85.030 36 H,C=CHCH,-C(0)O
C:H;07 87.052 87.045 80 H3C-(CH,),-C(0)O
CsH;0; 99.051 99.045 61 H,C=CH(CH,),-C(0)O
CsHy07 101.060 101.061 -10 H4C-(CH,)s-C(0)0
CeHsO7 113.062 113.061 9 H,C=CH(CH,)s-C(0)O"
CeH1,Ox 115.076 115.074 17 H3C-(CH,),-C(0)O
C/H1,05 127.081 127.076 39 H,C=CH(CH,),-C(0)O"
C/H107 129.094 129.092 15 H3C-(CH,)s-C(0)O"
CgH130, 141.097 141.092 35 H,C=CH(CH,)s-C(0)O"
CeH1502 143.113 143.108 35 H3C-(CH,)s-C(0)O"
CoH150, 155.115 155.108 45 H,C=CH(CH,)s-C(0)O"
CoH170, 157.127 157.123 25 H3C-(CH,)-C(0)O
CyoH1702° 169.133 169.123 59 H,C=CH(CH,),-C(0)O"
CioH107 171.148 171.139 53 H3C-(CH,)s-C(0)O"
Ci1H102" 183.144 183.139 27 H,C=CH(CH,)s-C(0)O"
CoH1504 187.106 187.098 43 HO(O)C-(CH,);-C(0)O" (deprotonated azelaic acid)
CioH2102° 197.160 197.155 25 H,C=CH(CH,),-C(0)O"
CioHzs02 199.175 199.170 25 HsC-(CH2)1,-C(0)O
Pb 207.984 207.977 34 Lead oxide added to the oil
Ci3Hz302 211.172 211.170 9 H,C=CH(CH,);0-C(0)Or
Ci3H250, 213.194 213.186 38 H3C-(CH,)1;-C(0)O"
PbO- 223.977 223.972 22 Lead oxide added to the oil
PbOHj 226.990 226.996 26
C14H250, 225.191 225.186 22 H,C=CH(CH,)1;-C(0)O
C14H»7,05 227.202 227.202 <10 H3C-(CHy)1,-C(O)O" (deprotonated myristic acid)
Ci5H220y 239.208 239.202 25 H,C=CH(CH,)1,-C(0)O
Ci5H2905" 241.218 241.217 -4 H3C-(CHy)15-C(0)O"
PbCsH, 245.968 245.993 -102 [Pb + C3H,]
Ci6H2007 253.215 253.217 -8 H,C=CH(CH,)15-C(0)O
Ci6H3:0, 255.226 255.233 27 H3C-(CHy)1,-C(O)O" (deprotonated palmitic acid)
PbC,HO, 264.978 264.975 11 [Pb + C,H,0,— H]
C17H3:0 267.238 267.233 19 H,C=CH(CH,)1s-C(0)O
Ci7H3305° 269.248 269.249 4 H3C-(CHy)15-C(0)O"
PbC3H30, 278.974 278.990 -57 [Pb + C3H30,]
PbC3Hs0, 281.022 281.006 57 [Pb + CsHsO,]"
CigH330,° 281.259 281.249 36 H,C=CH(CH,):5-C(O)O" (deprotonated oleic acid)
CigH350,° 283.276 283.264 -42 H3C-(CH,)16-C(O)O" (deprotonated stearic acid)
PbC,Hs0, 293.012 293.006 20 [Pb + C4Hs0,]
PbC,H;0, 295.011 295.022 37 [Pb + C,H;,0,]
Ci9H350, 295.265 295.264 3 H,C=CH(CH,)15-C(0)O
C1gH3:05 297.276 297.280 13 HsC-(CH,)1-C(0)O"
PbCsH,0, 303.981 303.998 -56 [Pb + C;H + C3H30,]
CaoH3:0y 309.291 309.280 36 H,C=CH(CH,)17-C(0)O
CyoH300, 311.303 311.296 -22 H3C-(CHy)15-C(O)O" (deprotonated arachidic acid)
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PbCsHs0, 316.991 317.006 -47 [Pb + C3H; + C5H30]
C21H3407 323.295 323.296 36 H,C=CH(CH,):s-C(0)O
Co1H4 07 325.313 325.311 -22 H3C-(CH>)16-C(0)O
PbCsHyO3 337.01 337.032 -3 [PbO + C¢Hy0,]
PbCsH1:05 339.01 339.048 -6 [PbO + C¢H110,]
CooHis07 339.342 339.327 44 H3C-(CH>)2-C(0)O
PbC;H1:05 351.007 351.048 117 [PbO + C;H1;,0,]
PbC;H1305 353.042 353.064 62 [PbO + C;H130,]
CasHus07 353.351 353.343 23 H3C-(CHy)1-C(0)O
PbCsHyO3 361.024 361.032 22 [PbO + CgHy0,]
PbCgH1:05 363.016 363.048 88 [PbO + CgH1;0,]
PbCgH 13035 365.027 365.064 101 [PbO + CgH130,]
PbCgH 1505 367.025 367.079 147 [PbO + CgH150,]
Co4H4707 367.366 367.358 21 H3C-(CH2)22-C(0)O
PbCyH 1305 377.034 377.064 22 [PbO + CgH130,]
PbCyH1505 379.046 379.079 80 [PbO + CgH;150,]
PbCyH1,05 381.060 381.095 92 [PbO + CyH170,]
CosHs07 381.367 381.374 -18 H3C-(CH2)25-C(0)O"
PbC1oH1703 393.074 393.095 -53 [PbO + CyoH170]
PbC1oH1003 395.093 395.111 46 [PbO + Cy1oH190,]
Co6H5107 395.390 395.389 3 H3C-(CH,)24-C(0)O
PbC1:H1903 407.093 407.111 44 [PbO + Ci1H150,]
PbCyH 1505 411.079 411.069 -24 [PbO + CgH1504]
PbCyH17,05° 413.085 413.085 <10 [PbO + CoH1704]
PbC1,H,:05 421.093 421.126 -78 [PbO + C1,H0,]
PbC1,H2303 423.113 423.142 69 [PbO + C1,H230,]
CosHss07 423.41 423421 26 H3C-(CH,)26-C(0)O
Pb,C,HO3 488.937 488.946 18 [Pb,O + C,HO,]
499.389 Diglyceride fragment
Pb,CH30s 510.947 510.952 -10
527.436 Diglyceride fragment
Pb,CH306 526.930 526.947 32

The analysed egg yolk and white in this work are from the same organic-labelled egg bought in a local grocery. Egg yolk was separated carefully
from its membrane, as described by A. P. Laurie in The painter’s methods & materials: traditional techniques and materials for practicing artists,
oil, watercolor, tempera. (Dover Publ, 1988).
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Table S5: Characteristic ions and tentative assignments for reference mass spectra from Figures S6 and S7.

m/z Phosphocholine fragments Iminiurrz+i|c_)|r21,\1;r=ocr;1Heig)ino acid Pareg(t:ie‘xjmino Egg yolk Egg white
30.03 H,NCH,* Glycine Detected Detected
44.05 *NCH;CH; H,NCHCH3* Alanine Detected Detected
58.07 *NCH,CH;3CH3
60.04 H,NCHCH,OH"* Serine Weak Weak
70.07 HNCHC;Hs* Proline Detected Detected
72.09 H,NCHCHCH,CH;* Valine Detected Detected
74.07 H,NCHCHOHCH,* Threonine Weak Detected
76.03 H,NCHCH,SH™* Cysteine Detected Detected
86.07 HNCHC3;HsO* OH-Proline Weak Weak
86.10 *NC,H3(CHz)s HANCHCH,CHCHLCH, Leucine Detected Detected

H,NCHCHCH;CH,CHz* Isoleucine
87.05 H,NCHCH,CONH,* Asparagine Weak Weak
88.04 H,NCHCH,CO,H"* Aspartic acid Not detected Weak
101.07 H,NCHCH,CH,CONH,* Glutamine Not detected Weak
102.05 H,NCHCH,CH,CO,H" Glutamic acid Not detected Weak
102.11 H,NCHCH,CH,CH,CH,;NH3* Lysine Not detected Not detected
104.05 H,NCHCH,CH,SCH3* Methionine Detected Weak
104.13 *N(CHj3);C,H,OH Detected
110.07 H,NCHCH,C;3N,Hs* Histidine Weak Detected
120.08 H,NCHCH,CeHs* Phenylalanine Detected Detected
125.02 PO,C,H¢* Detected
130.12 H,;NCHCH,CH,CH,NHCNH,NH,* Arginine Not detected Not detected
136.07 H;NCHCH,CsH,OH* Tyrosine Weak Weak
150.09 PO,CsH1sN* Detected
159.09 H,NCHCH,CgHsN* Tryptophan Detected Weak
166.09 PO3CsHi3N* Detected
184.13 PO,CsH;sN* Detected
198.15 PO4CeH17N* Detected
224.15 PO,CgHigN* Detected
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The following figures show the mass spectra with the highest detected ions from the table in red. The symbol () indicates inorganic peaks

containing Na or K. Other amino acid fragments were also detected (not assigned), further informing about the assignments of peaks to a given

amino acid. In the negative ion mode and for egg yolk, characteristic ions of fatty acids are detected.
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Figure S6: TOF-SIMS spectrum of egg yolk recorded in positive polarity.
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Figure S7: TOF-SIMS spectrum of egg white recorded in positive polarity.

S10

150 200 250



Reference : Albumine Positive polarity
Na®
23 X5l * + inorganic compound
500 - In red: iminium ions ( 'H,NCH-R ) of
. (Gly) glycine
(Ala) alanine
+ Leuflle (Pro) proline
wg K 86 (Leu) leucine
=4 39 . (lle} isoleucine
x (His) histidine
o -
£
=
(o4 *
hEA
=
2
2 His '
= Ala 110
44
Gly Pro
I |
0 i ‘x.\lu.lm“lh.ﬂ n“\l.\ ‘MlHln\n\llkm\l.Jl lu‘..h M| |L‘LJ‘ \ : .
0 50 100 150 200 250

m/z

Figure S8: TOF-SIMS spectrum of albumin recorded in positive polarity.

Table S6: Iminium ions and their detection for the major amino acids, for three types of animal glues: made from bones, fish or hide.

m/z Iminium ion from an;i)no acid ("HN=CH- | 5. et amino acid Bone glue Fish glue Skin glue
30.03 H,NCH,* Glycine* Detected Detected Detected
44.05 H,NCHCHz* Alanine* Detected Detected Detected
60.04 H,NCHCH,OH* Serine* Not detected Not detected Detected
70.07 HNCHC;Hg* Proline* Detected Detected Detected
72.09 H,NCHCHCH;CH3* Valine* Detected Detected Detected
74.07 H,NCHCHOHCH;" Threonine* Weak Detected Weak
76.03 H,NCHCH,SH* Cysteine Detected Detected Detected
86.07 HNCHC;H:O0* OH-Proline Detected Detected Weak
86.10 HANCHCH,CHCH,CHy Leucine Weak Not detected Detected

H,NCHCHCH,CH,CHz* Isoleucine

87.05 H,NCHCH,CONH,* Asparagine Not detected Not detected Not detected
88.04 H,NCHCH,CO,H"* Aspartic acid* Not detected Detected Not detected
101.07 H,NCHCH,CH,CONH,* Glutamine Detected Detected Not detected
102.05 H,NCHCH,CH,CO,H* Glutamic acid* Detected Detected Detected
102.11 H,NCHCH,CH,CH,CH,NH;" Lysine Not detected Not detected Not detected
104.05 H,NCHCH,CH,SCH3* Methionine Detected Detected Weak
110.07 H,NCHCH,C3N,H5* Histidine Detected Detected Detected
120.08 H,NCHCH,CgHs* Phenylalanine Detected Detected Detected
130.12 H,NCHCH,CH,CH,NHCNH,NH,* Arginine Not detected Not detected Not detected
136.07 H,NCHCH,C¢H,OH* Tyrosine Detected Detected Weak
159.09 H,NCHCH,CgHgN* Tryptophan Not detected Detected Not detected

Other amino acid fragments were also detected (attribution not shown), further informing about the assignments of peaks to a given amino acid.
* Other amino acids can lead to this fragment ions.
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Surface treatment Images in figures :
@ Dry polishing + dual beam | {575 505 ;2, 17,
b Dry polishing S1a
¢ 7¢, S(1c, 23)
d Microtome cut 8
e 5

Figure S9: Optical microscopy image of the sample Pp1. The squares show the diverse areas analysed by TOF-SIMS from which ion images are
used in the listed figures. The arrows along the name of the area indicates the top of the page to read the figures. Scale bar 100 um. The table gives
details about the analyses performed on each surface.
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Figure S10: TOF-SIMS spectrum of Smalt (Kremer) recorded in positive polarity.
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Figure S11: TOF-SIMS spectrum of Smalt (Kremer) recorded in negative polarity.

F——100.00 pm

£

Sum of: Co+, CoO2+, CoOH+, Ni+

MC: 14, TC: 8.386e+004

S13

14

12

10



Figure S12: Ion image of the sum of Co*, CoO2*, CoOOH* and Ni* ions.

The reference mineral celadonite comes from Monte Baldo. The reference mineral glauconite comes from Villers sur mer. Both are from the
reference set used by Fanost et al. 2 indicates ion peaks attributed to organic contaminants.
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Figure S13: TOF-SIMS spectrum of glauconite recorded in positive polarity.

| Reference : Mineral celadonite ‘ Positive polarity
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Figure S14: TOF-SIMS spectrum of celadonite recorded in positive polarity.
Table S7: Characteristic ions for glauconite compared to celadonite.
lon(s) Measured mass (m/z) Theoretical Standard deviation (ppm) | Characteristic ions for
Glauconite | Celadonite mass (M/z) Glauconite | Celadonite glauconite
FeOH* 72.937 72.939 72.937 <10 27
KONa* 77.929 77.934 77.948 244 -180
Si,Al* / KOSi™* 82.940 82.937 82.935/82.935 60 24
SiKAI*/ K,O* 93.921 93.919 93.922/93.922 -10 -31
SiOFe* 99.910 99.906 40 X
o . 110.893/
SiAlFe* / KOFe 110.894 110.892 110.893 9 9
Fe,* 111.885 111.869 143 X
Fe,O* 127.869 127.864 39 X
FeOSiOH* FeOSiO,H FeOSiOH FeOSiO,H 8 X
Fe,0," 143.856 143.859 -20 X
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Figure S15: TOF-SIMS spectrum of Realgar (Kremer) recorded in negative polarity.
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Figure S16: TOF-SIMS spectrum of Realgar (Kremer) recorded in positive polarity.
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Figure S17: 1onimage of the sum of realgar As,S, characteristic ions.
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Reference : Red Ochre 40510 Positive polarity
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Figure S18: TOF-SIMS spectrum of red ochre (Kremer) recorded in positive polarity.

Mass resolution (1500) is not high enough to resolve CaO* m/z 55.957 from Fe* m/z 55.935 (Am = 0.022, resolution above 2500 is needed), due to
the granular aspect of the surface sample. The sample is supposed to be Fe20srich, but the Ca* ion is detected in the sample as well.
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Sum of: 111.87u - Fez+, 143.88U - Fe20z+,
127.85U - Fe,0+, 199.81u - FesOz+, 215.79u -
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Figure S19: Ilon image of the sum of FexOm* (n=1-3 ; m=2-3) ions.
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Tables S8: Tentative assignments for the ion peaks from the mass spectrum in the Figure S18.

Measured mass (m/z) Possible ion peak assignments and standard deviation in ppm.

55.94 Fe* 37

56.96 CaOH* -75

72.94 FeOH* 56

95.91 Ca0* -92

111.89 Fex* 26 Ca202* -83

127.87 Fe:O* 39 CaOFeO* -94

143.89 Fe202* -64

151.86 Cas02* -48 CazFeO* 45

167.84 CasOs* -83 CazFeO2* 32

183.81 FeO(Ca0).* -55

199.79 FesO2* 29 CaFe203* -53

207.79 CasOs* -60 CazFe 0" 88

215.77 FesOs* -16

223.79 Cas04* -72 CazFe202* 69

239.76 CazFe203* 28
FeO(CaO)s* -66

255.74 FesO2* 84 FeO2(Ca0)s* | -171

263.75 CasO4* | -78

271.70 FesO3* 24 CaO(FeO)s* -59

279.73 CasOs* | -108

287.70 FesOq* 27

295.73 FeO(CaO)s* -70

311.68 FeO2(CaO)+* | -40

319.69 CasOs* -94

335.66 CasOs¢* -81

343.61 FesOq4* 27 CaO(FeO)s* -39

351.66 FesOs* -19 FeO(CaO)s* -42

359.60 FesOs* -28

367.65 FeO2(CaO)s* | -99

375.62 CasO¢* | -78

383.63 FesOs* 74

391.61 Ca7;07* | -102

399.57 FesOq* 20

407.59 FeO(CaO)s* -46

415,57 FesOs* -44 CaO(FeO)s* -56

431.52 FesOs* -30 CagO7* | -155

447.55 CagOg* | -128

463.55 FeO(CaO)7* -54

479.51 FeO2(Ca0)7* -70

487.52 Fe7O¢* 30 CagOg* | -129 | CaO(FeO)s* 30

503.46 FesO7* -21 | CagOo* | -121

519.44 FeO(CaO)s* | -101

543.40 Caw0o* | -137
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Figure S20: a: Mass spectrum from the ROI 1; b: Reference mass spectrum of glauconite (K,Na)(Fe"', Al,Mg)2[(Si,Al,Fe"")4010](OH)z; c:
Reference mass spectrum of celadonite, K(Mg,Fe)(Fe,Al)[Sis010](OH)2.
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Figure S21: a: lon image of the sum of CanOmPO2* ions (n=m=1-6 and n=1-6, m=n-1). Scale bar 100 um; b: Mass spectrum from ROI 2; c:
Reference mass spectrum of bone black. .
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Figure S22: a: lon image of the sum of PbnSbmOp* ions. Scale bar 100 um; b: Mass spectrum from ROI 3 and reference mass spectrum of Naples
yellow.
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Figure S23: a: Three-color overlay between ion images of Al* (red), Fe* (green), and Si* (blug), all recorded in positive polarity. b: Mass spectrum
from ROI 4, drawn on the Al* image of the BA+DE analysis on the 200 x 200 um area, where Al* was detected outside of green earth particles.
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