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Fig 1. From top to bottom: images of top, back sides and cross-section of substrate samples AC10 (left column) and AC11 (right
column).
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Fig 2. Digital tracing of the Levantine and Schematic paintings of el Carche rock art site. In red, the points where the in situ
EDXRF analyses were performed. Black numbers refer to motif numbers.



Table 1. Normalized net areas corresponding to the most significant elements detected by EDXRF point analyses of red motifs and the substrate.

Points and Location* S (Ka) t K (Ka) t Ca (Ka) * Ti (Ka) * Mn (Ka) * Fe (Ka) t Sr (Ka) t

1 - motif 2 0.0049 0.0002 0.0084 0.0003 0.330 0.002 0.0015 0.0001 0.0016 0.0001 0.1822 0.0015 0.0871 0.0010
2 — motif 2 0.0069 0.0003 0.0067 0.0003 0.295 0.002 0.0011 0.0001 0.0016 0.0001 0.2145 0.0018 0.1088 0.0012
3 — substrate 0.0050 0.0002 0.0098 0.0004 0.448 0.003 0.0007 0.0001 0.0001 0.00004 0.0339 0.0007 0.0836 0.0011
4 - substrate -fresh 0.0190 0.0005 0.0058 0.0003 0.467 0.003 0.0006 0.0001 0.0005 0.0001 0.0198 0.0005 0.0783 0.0010
5 - motif 3 0.0048 0.0003 0.0079 0.0003 0.340 0.003 0.0021 0.0002 0.0011 0.0001 0.0690 0.0010 0.1606 0.0016
6 — motif 2 vomit 0.0066 0.0003 0.0071 0.0003 0.387 0.003 0.0015 0.0001 0.0009 0.0001 0.0773 0.0010 0.1156 0.0012
7 - motif 4 0.0049 0.0002 0.0074 0.0003 0.313 0.002 0.0015 0.0001 0.0003 0.00005 0.0893 0.0010 0.1957 0.0016
8 - motif 4 0.0035 0.0002 0.0075 0.0003 0.246 0.002 0.0014 0.0001 0.0008 0.0001 0.0576 0.0007 0.3528 0.0020
9 — motifs 10-11 0.0050 0.0002 0.0082 0.0003 0.307 0.002 0.0013 0.0001 0.0015 0.0001 0.2036 0.0015 0.1196 0.0011
10 - motif 11 0.0064 0.0003 0.0080 0.0003 0.386 0.003 0.0003 0.0001 0.0006 0.0001 0.1158 0.0012 0.0790 0.0010
11 - motif 10 0.0083 0.0003 0.0064 0.0002 0.333 0.002 0.0014 0.0001 0.0009 0.0001 0.1016 0.0010 0.1797 0.0014
12 - substrate 0.0042 0.0002 0.0100 0.0003 0.468 0.003 0.0014 0.0001 0.0005 0.0001 0.0308 0.0006 0.0669 0.0009
13 - motif 11 0.0092 0.0003 0.0071 0.0003 0.351 0.002 0.0008 0.0001 0.0005 0.0001 0.0460 0.0007 0.2044 0.0016
14 — motif 9 0.0046 0.0002 0.0062 0.0003 0.295 0.002 0.0010 0.0001 0.0020 0.0001 0.1946 0.0016 0.1243 0.0012
15 — motif 9 0.0027 0.0002 0.0087 0.0003 0.366 0.002 0.0009 0.0001 0.0016 0.0001 0.1765 0.0016 0.0565 0.0008
16 — motif 9 0.0052 0.0002 0.0098 0.0003 0.398 0.002 0.0009 0.0001 0.0004 0.0001 0.1083 0.0011 0.0804 0.0009
17 - motif 9 0.0177 0.0004 0.0052 0.0002 0.409 0.002 0.0002 0.00004 0.0011 0.0001 0.1196 0.0011 0.0753 0.0009
18 — motif 9 0.0079 0.0003 0.0065 0.0003 0.364 0.002 0.0004 0.0001 0.0019 0.0001 0.1489 0.0013 0.0911 0.0010
19 — motif 5 0.0195 0.0005 0.0063 0.0003 0.377 0.002 0.0004 0.0001 0.0008 0.0001 0.1030 0.0011 0.0869 0.0010
20 - motif 6 0.0135 0.0004 0.0061 0.0003 0.400 0.003 0.0004 0.0001 0.0001 0.00003 0.0376 0.0007 0.1286 0.0013
21 — motif 7 0.0083 0.0003 0.0072 0.0003 0.424 0.003 0.0009 0.0001 0.0006 0.0001 0.0513 0.0008 0.1038 0.0011
22 — motif 8 0.0274 0.0006 0.0062 0.0003 0.416 0.003 0.0006 0.0001 0.0008 0.0001 0.0581 0.0009 0.0652 0.0009
23 - substrate 0.0067 0.0003 0.0062 0.0003 0.431 0.003 0.0008 0.0001 0.0006 0.0001 0.0178 0.0005 0.1302 0.0013
24 — motif 7 0.0129 0.0004 0.0069 0.0003 0.424 0.003 0.0008 0.0001 0.0004 0.0001 0.0447 0.0007 0.0984 0.0011
25 — motif 13 0.0303 0.0006 0.0074 0.0003 0.385 0.002 0.0016 0.0001 0.0009 0.0001 0.1022 0.0011 0.0623 0.0008
26 — motif 13 0.0207 0.0004 0.0077 0.0003 0.330 0.002 0.0017 0.0001 0.0011 0.0001 0.1129 0.0011 0.1412 0.0012

27 — substrate-fresh 0.0239 0.0005 0.0073 0.0003 0.452 0.003 0.0013 0.0001 0.0008 0.0001 0.0289 0.0006 0.0685 0.0009
28 —substrate-orange  0.0176 0.0004 0.0044 0.0002 0.210 0.001 0.0005 0.0001 0.0002 0.00004 0.0240 0.0004 0.4359 0.0020
29 — motif 15 0.0563 0.0009 0.0030 0.0002 0.304 0.002 0.0001 0.00003 0.0005 0.0001 0.0598 0.0009 0.1543 0.0015
30 — motif 15 0.0236 0.0005 0.0052 0.0002 0.300 0.002 0.0007 0.0001 0.0012 0.0001 0.1396 0.0013 0.1628 0.0015
31 -substrate-orange  0.0255 0.0005 0.0056 0.0002 0.391 0.002 0.0009 0.0001 0.0007 0.0001 0.0286 0.0006 0.1527 0.0014
32 - substrate-white 0.0561 0.0008 0.0028 0.0002 0.356 0.002 0.0001 0.00004 0.0011 0.0001 0.0097 0.0003 0.1612 0.0015
33 — substrate 0.0204 0.0005 0.0064 0.0003 0.388 0.002 0.0008 0.0001 0.0005 0.0001 0.0405 0.0007 0.0454 0.0007

*The location of each point within the panel is shown in S1 Fig.



0,25

m  XRF points acquired on motifs

1 @ XRF points acquired on substrate
M 2 (motif 2)

0’20 _ B 9 (motifs10-11) 14‘motif 9)

B 1 (motif 2
. B 15 (motif 9)

0,15 B 18 (motif 9)
i M 30 (motif 15)
3
= o By
i moti
o 16 (motif 9) g om 25 (motif 13)
w9107 19 (motif 5) M B 14 (motif 10)
B 7 (motif 4)
i B 6 (motif 2 vomit)
. = .
29 (motlf;S) 22 (motif 8) 5 (motif 3)
8 (motif 4)
0,05 - 24 (motif 7). | mot|f7
’32% énbo rate
B 20 (motif 6) X substate)

3 @27 (substrate-fresh)
@28 ( substrat<=.orange) 1 (substrate-orange)

4 (substrate) 23 (substate) @32 (substrate-white)
0,00 I ] I L] l L I ] I
0,0000 0,0005 0,0010 0,0015 0,0020

Mn (Ko

3 (substrate)

Fig 3. Normalized net areas of the Fe-Ka fluorescence lines versus the normalized net areas of the Mn-Ka fluorescence lines from
the in-situ EDXRF point analyses performed both on the motifs (black squares) and on the substrate (red circles) at el Carche site.
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Fig 4. A) Diffractogram relative to sample AC10. Legend: c= calcite; g= quartz; g= gypsum; h= hydroxyapatite; cl= celestite; w=
whewellite. B) FTIR reflectance spectra acquired on the surface of sample AC10. The points analyzed are shown in image C (1-3).
A spectrum from the back side of the sample has also been collected. Legend: ox= Ca-oxalate (whewellite-like); gy= gypsum; k=
kaolin. In image B, the strong absorption in the region 1450-1420 cm™ related to the antisymmetric stretching (vs) of carbonate
group (COs?) of calcite, is inverted by the reststrahlen effect, while the bands relative to the out-of-plane bending (v;) and to in
plane-bending (v4) at 890 cm™ and 715 cm™ have a derivative shape. These spectral distortions are typical when working in
reflectance configuration. Combination bands (vx + vy) of carbonate group (COs?) are also reported in the graph [1, 2]. The FTIR
analyses showed also signals of calcium-oxalates, whewellite like. They present bands (sometimes derivative-like) at ca. 1650,
1320, and 775 cm™ that are assigned to the CO antisymmetric and symmetric stretching mode of the oxalate anion, v,(CO) and
vs(CO), and the bending mode §(0CO) of whewellite, respectively [3]. The asymmetric stretching band (vs) of S-O characteristic of
gypsum is also present at ca. 1165 cm™ as well as its the combination bands of vy + vs at ca 2100-2300 cm™ [1, 4]. Finally, Si-O
stretching mode at 1100-1010 cm™ and OH stretching at 3600 cm-1 have been assigned to kaolin [1].
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Fig 5. A) OM image of a selected area of sample AC11. The numbers refer to the ATR spectra acquired in the samples and shown
in B). C) SEM backscattered image and their RGB composite images of the elemental distribution of D) Mgka/Alks/Sike and E)
Sria/Ske/Cake Of the selected area of cross-sections AC11 shown in A. Legend: ox= Ca-oxalate (whewellite-like); carb= calcium
carbonate (calcite-like); sil= silicate stretching signals; cel= Sr-sulfate, (celestite, SrSQ4). Five different groups of spectra have been
identified in the sample. Their positions are shown in image A. The spectra named 1 and 2, have been collected close to the
external surface and are characterized by Ca-oxalates (bands at ca. 1605, 1320, and 779 cm™ that are assigned to the CO
antisymmetric and symmetric stretching mode of the oxalate anion, v,(CO) and vs(CO), and the bending mode §(0OCO) of
whewellite, respectively) and silicate signals (Si—O stretching at ca. 1100-1010 cm™?) [1-3]. Those named 3 are mainly characterized
by signals of calcite (bands at ca. 1395 cm™ and 868 cm™ relative to vs antisymmetric stretching of (COs2) and v, out-of-plane
bending respectively [1,2]). Spectrum 4 is characteristic of celestite, SrSO4, and it has been collected in the whitish areas rich in Sr
(S-O stretching mode vs at 1065 cm™ [5]). Finally, group 5 spectra are characterized by both calcite and silicate signals and they
are characteristics of the more brownish part of the samples. The FTIR spectra are in good agreements with the SEM-EDX mapping.
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Fig 6. SEM images of cross-sections AC1 — AC3 in back scattered electron mode. The names of the samples are reported in the
upper left part of each image. In the SEM images the four representative layers characterizing the microstratigraphy, namely i)
external crust, ii) red pictorial layer, iii) intermediate coating covering the iv) substrate, are highlighted. Red and yellow squares
show the areas where microanalyses have been performed.
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Fig 7. SEM images of cross-sections AC4 — AC6 in back scattered electron mode. The names of the samples are reported in the
upper left part of each image. In the SEM images the four representative layers characterizing the microstratigraphy, namely i)
external crust, ii) red pictorial layer, iii) intermediate coating covering the iv) substrate, are highlighted. In sample AC4 only strata

have been performed.
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Fig 8. SEM images of cross-sections AC7 — AC9 in back scattered electron mode. The names of the samples are reported in the
upper left part of each image. In the SEM images the four representative layers characterizing the microstratigraphy, namely i)
external crust, ii) red pictorial layer, iii) intermediate coating covering the iv) substrate, are highlighted. In sample AC8, only strata



Pat2_0 HM D75 x1.5k 50 um

Fig 9. SEM image in back scattered electron mode of a selected portion of cross-section AC1 where needle-like crystal of celestite
(SrS04) are displayed. The exact position of the analyzed area is highlighted in yellow in the top image of figure S5.
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Fig 10. A) Optical microscope image, B) its zoomed area with C) its corresponding SEM backscattered image of cross-section AC3.
In image C, the highlighted area shows the presence of two different pictorial layers, named t (top) and b (bottom).
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Fig 11. SEM backscattered images (left column) and their RGB composite images of the elemental distribution of Alke/Sika/Kka
(central column) and Ska/Sria/Cakq (right column) of a selected area of cross-sections AC2.1 (images A, B, C), AC2.2 (images D, E,
F), AC3top (images G, H, 1), AC5.1 (images J, K, L) constitutive of group 1. See S6 — S8 Figs to visualize the location of the analyzed
areas (framed by red squares).
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$12 Fig. SEM backscattered images (left column) and their RGB composite images of the elemental distribution of Ala/Sika/Kka
(central column) and Sko/Pxe/Sria (right column) of a selected area of cross-sections AClip (images A, B, C), AC4 (images C, D, E),
AC5.2 (images G, H, 1), AC8 (images J, K, L) constitutive of group 2. See S6 — S8 Figs to visualize the location of the analyzed areas
(framed by red squares).
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Fig 13. RGB composite images of the elemental distribution of Mng./Fexq of a selected area of the cross-sections AC1 (left) and
AC8 (right). See S5 and S6 Figs to visualize the location of the analyzed areas (framed by red squares).
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Fig 14. SEM backscattered images (left column) and their RGB composite images of the elemental distribution of Alke/Sika/Kka
(central column) ang Ska/Sria/Cakq (right column) of a selected area of the cross-sections AC6 (images A, B, C) and AC9 (images D, E,
F) constitutive of group 3. The mapping relative to the bottom layer of cross-sections AC1 and AC3 are displayed in figures S12 A,
B, Cand S11 G, H, | respectively. See S6 — S8 Figs to visualize the location of the analyzed areas (framed by red squares).



HM D7.6 x800 100 um

Fig 15. A) SEM backscattered images and their RGB composite images of the elemental distribution of B) Alks/Sika/Kka and C)
Ska/Cako Of a selected area of cross-section AC7, constitutive of group 4. See S8 Fig to visualize the location of the analyzed areas
(framed by a red square).



Table 2. SEM-EDX quantitative analyses calculated on selected areas (highlighted with yellow circles in the inset SEM figures) of the red pictorial layers of cross-sections AC1 — AC9. The results
are reported in percentage of weight normalized to 100 (wt%). The error values have been automatically calculated by the instrumental software (err%). The average EDX spectrum of each
area is also reported.
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o 42,73 6,933 41,67 5,739 46,31 6,335 49,07 7,296
C 24,16 4,535 23,85 3,598 23,06 3,450 21,71 3,670
Ca 13,73 0,4438 14,00 0,4310 15,98 0,5240 17,51 0,5510
Fe 8,413 0,2772 17,17 0,5180 9,694 0,3226 8,234 0,2682
Mg 0,9314 0,0755 0,2550 0,03824 2,069 0,1806 2,004 0,1320
Si 5,040 0,2398 1,587 0,08982 0,5851 0,06498 0,8052 0,05882
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P 0,2739 0,03567 0,09070 0,02838 0,0610 0,02780 0,06039 0,02687
Sr - - - - - - - -

Mn - - 0,07650 0,02717 - - - -
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Ca 14,49 0,4642 11,83 0,3953 14,81 0,4824 14,38 0,4437
Fe 13,20 0,4182 22,06 0,7034 3,787 0,1399 14,38 0,4365
Mg 2,207 0,1439 0,1650 0,03418 0,3614 0,04483 0,4265 0,04706
Si 0,7657 0,05744 0,6763 0,05458 1,661 0,09666 2,091 0,1101

K 0,2180 0,03179 0,1713 0,03051 0,2659 0,03344 0,4375 0,03809
Na 0,1382 0,03372 0,04978 0,02824 - - 0,01611 0,0009769
S 0,2555 0,03419 0,5233 0,04444 1,393 0,07605 0,3814 0,03818
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Fe 19,00 0,600 20,89 0,6425 7,231 0,2388
Mg 0,07000 0,02870 0,3066 0,02818 0,7564 0,06544
Si 1,62 0,1000 0,8960 0,06265 3,367 0,1666

K 0,2820 0,03400 - - 0,6128 0,04395
Na 0,0464 0,00287 0,1570 0,3483 0,06797 0,02926

S 0,5394 0,04471 0,03885 0,00139 0,8209 0,05432
Al 0,6047 0,05400 0,2960 0,03893 1,566 0,09842
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Table 3. Representative Raman signatures (Aexc = 532 and 785 nm) acquired on the red pictorial layers of cross-sections AC1-AC4 collected at el Carche rock shelter. Peaks are observed in cm™
1 vs = very strong; s = strong; m = medium; w = weak; vw = very weak; sh = shoulder; br = broad. The values between parentheses are sometimes observed.

Assignation Samples
AClpottom ACliop AC2.1 AC2.2 AC3pottom AC3:0p AC4

Aexe 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm
Whewellite - - 135w - 135w - - - - - - - - -
Dolomite - - - - 173m - 175m - (175w) - (176m) - - -
Whewellite - - - - - - - - - - - - - -
a-quartz - - - - - - - - (204w) - - - (206w) -
Hematite 222m 222sh 223w 223s 220m 223s 222s 223s 222m 223m 222s 222s 222m 222s
- 243sh - - 243sh 245sh 244sh 244w 244sh 244sh 246sh 242sh 244sh 243sh 242sh
feldspar (260w) - - - (264w) - - - (260w) - - - - -
a-quartz - - - - - - (264w) - (264w) 264w (264s) - (264w) -
Feldspar (270w) - - - (270w) - - - (270w) - (270w) - (270w) -
Calcite - - - (282w) - - - - - - - - - -
Hematite 290m-br 293m-br 289w 291vs 290m 290vs 290s 290s 290s 290vs 290s 290vs 289m 289vs
Dolomite - - - - - - 300w - - - - - - -
a-quartz - - - - - - - - (355w) - (355w) - (351w) -
- - - - - - - - - - 393w (393w) - (390w) -
Hematite 406m-sh 407m-br 405w 407s 406m 408s 408s 408s 406m 407s 405s 406s 408m 406s
Feldspar - - - - (445w) - (453w) - - - - - (453w) -
a-quartz - - - - - - (464w) - (464w) 464w - - (464w) -
Feldspar - - - - - - - - (478w) - (480w) - - -
Hematite - 497vw - 493w - 496w 495w 494vw - 497w 499w 494w - 495w
Feldspar - - - - - - - - (510w) (514w) (504w) - (508w) -
Hematite - 610w - 608m - 609m 604w 609vw 607w 609m 608w 609m - 608m
- - 647vw - 650sh-vw - 653vw - 650sh-vw - 650w - 645sh-vw - 650sh-vw
Calcite - (712vw) - - - - - - - (715vw) - - - -
Dolomite - - - - 723w 722w - - - - - - - -
Whewellite 895w 894w - 894w 893w (893w) - 894vw (895w) 895w (895w) 895vw - 893w
Apatite - - - - - - - - - - - - 960m -
Celestite - - - - - - - - - - - (1001w) - (1000vw)
Gypsum - - 1006w - - - - - - (1008w) - - - _
Calcite - (1089vw) - (1086w) - - - - - (1089vw) - - - (1086vw)
Dolomite - - - - 1096m 1096m 1095s 1095w - - (1096m) 1095w - -
Feldspar - - - - - - - - - - - - (1126w) -
a-quartz - - - - - - - - (1162w) - - - - -
Am. Carbon - - - - - - - - (1360s) (1317s) - - - -
Hematite (1318w) - - - 1320w - 1320vs - 1320s - 1316s - 1315m -
Whewellite 1461w 1460w 1460w - 1464w 1461w 1463m 1460w 1460w 1459w (1462w) 1461w - 1460w

Weddellite (1473w) - - - - - - - - - (1472w) (1470w) - -



Whewellite

Am. Carbon

Whewellite

1486w

1628w

1483w

1488w

- 1486w

1485w 1486m 1488w

1486w
(1601s)

1484w
(1577s)

(1484w)

1488w

Table 4. Representative Raman signatures (Aexc = 532 and 785 nm) acquired on the red pictorial layers of cross-sections AC5-AC9 collected at el Carche rock shelter. Peaks are observed in cm™
1 vs = very strong; s = strong; m = medium; w = weak; vw = very weak; sh = shoulder; br = broad. The values between parentheses are sometimes observed. In sample AC9, a spectrum
acquired in a black crystal present in the pictorial layer showed the same peaks but much more intense. In sample AC6 the fluorescence signal covered any possibility to analyze the cross-
section using 532 nm excitation laser.

Assignation Samples
AC5.1 AC5.2 AC6 AC7 AC8 AC9

Aexe 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm 532 nm 785 nm
Whewellite - - - - - - 135w - - - - -
Dolomite - - - - - - - - - - - -
Whewellite - - - - - - 190w - - - - -
a-quartz - - - - - - (202w) - - - - -
Hematite 223m 223s 223s 223s - 224w 222s 225s 222s 223m 222m 223w
- 243sh 243w 243sh 242sh - - 243s - 245m 246sh 242sh 245sh
feldspar (264w) - - - - - (206w) - (260w) - (258w) -
a-quartz - - (264w) - - - (264w) - - 264w (264w) -
Feldspar (285w) - - - - - (270w) - - - (270w) -
Calcite - - - - - - - - - - - -
Hematite 290s 291vs 290s 290vs - 292m-br 290s 293vs 288s 290vs 289m 291w
Dolomite - - - - - - - - - - - -
a-quartz (351w) - (355w) - - - - - (355w) - (355w) -
- - - - - - - - - - 393w - -
Hematite 409m 407s 406s 407s - 407m-br 408vs 411vs 407s 407s 406s 410w
Feldspar (453) - - - - - (445w) - (453w) - - -
a-quartz - - (464w) - - - (464w) - (464w) 464w (465w) -
Feldspar (473) - - - - - - - (482w) - (473w) -
Hematite 493w 495w 500w 495w - 495vw 498m 495m 496w 497w 495m 495vw
Feldspar (512) - - - - - (515w) - (510w) (514w) (512w) -
- - - - - - - (584w) - - - - -
Hematite 609s 607w 608w 608m - 609m 607s 610s 607w 609m 606m 609w
- - 652vw - 650w-sh - - - 650sh-vw - 650sh-vw - 650sh-vw
Calcite - - - - - - - (716w) - - - -
Dolomite - - - - - - - - - - - -
Whewellite - - (891w) 894w - 895w 894w 894vw 894m 895w 894w -
Apatite 960vw - (960w) - - - - (960w) - 961w - -
Celestite - (1001w) - - - (999w) - - (997w) - - -



Gypsum - - - - - - - - - (1008w) - -

Calcite - - - (1085vw) - (1088w) - (1088w) - - - -
Dolomite (1093vw) - - - - - - - - - - -
Feldspar (1123) - - - - - - - - - (1122w) -
a-quartz - - - - - - - - - - - -
Am. Carbon - - - - - (1318w) - - (1349m) (1317s) - -
Hematite 1317m - 1320s - - - 1315vs - 1320vs - 1315s -
Organic* - - - (1445w) - - - - - (1445w) , _
Whewellite (1462w) - - 1458w - 1460m 1462w 1460m 1461m 1459w - 1460w
Weddellite - - - (1473w) - (1476vw) - - - - - -
Whewellite (1488w) - (1486vw) 1482w - 1487m 1485w 1486m 1486m 1484w 1488w 1488w
Am. Carbon - - - - - (1585w) - - (1601m) (1577s) - -
Whewellite - - - 1626w - - - - 1626w) - - -
Organic (1704w) - - - - - - - 1724w - - -

*the signal can be related to a calcium carboxylate specie [6].
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