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S1 - Theoretical background and early pigment use in eastern Africa

Over the past few years different criteria have been proposed to assess the behavioural
complexity of early hominins . Among these, systematic use of ochre is considered as
a key behavioural marker to infer cultural complexity *°. Many interpret the use of ochre
as a proxy for the origin of symbolic thinking *®'7. However, this view remains
controversial as ochre may also have been used for utilitarian functions such as an
ingredient in adhesives, a constituent of hide tanning compounds, an insect repellent, a
sunscreen or an antiseptic '*3!. Today, the idea that the earliest use of ochre fulfilled
multiple functions, supported by ethnographic evidence 323, has become widespread in
the archaeological literature, though criteria to distinguish functional from symbolic uses

or establish that both were in existence remain largely elusive '3,

Evidence for ochre processing is reported in numerous Middle Stone Age (MSA) sites

1,3,7,10,13,35-43 17,4448

from Africa and Middle Palaeolithic sites from Europe and Western

Asia *752, In East Asia, only a few sites have yielded ochre pieces older than 50,000 years
5354 and some of these instances still need an in-depth evaluation to verify their
anthropogenic origin. Recent discoveries have revealed clear evidence for ochre
processing around 40 ka in this region *°.

However, as already mentioned, the way in which ochre was used at early sites and the
role it played in these societies remains unclear. This is partly due to the rarity of
comprehensive analyses of ochre collections. Only few studies combine technological
and morphometric analysis with physico-chemical characterisation of ochre, and even
fewer include the study of associated ochre-stained objects and artefacts '*7-°6->, This
problem is particularly evident in eastern Africa, where systematic studies of ochre

assemblages have only started to be conducted in the past few years 76061,

The earliest possible evidence for pigment use in eastern Africa comes from the sites of
Gadeb, Ethiopia ®* and Olduvai Gorge, Tanzania ®, and dates back to the Early Stone
Age, around 1.5-1.0 Ma BP. By “eastern Africa”, we refer to the area including modern-
day countries of Eritrea, Ethiopia, South Sudan, Sudan, Somalia, Djibouti, Kenya,
Uganda and Tanzania %%°. At Gadeb, Ethiopia, evidence consists of fragments of

weathered basalt producing red streaks ®2. At Olduvai Gorge, Tanzania, two lumps of red



ochre were, according to the discoverer, clearly brought to the site by Homo erectus .
At Garba I, Melka Kunture, Ethiopia, an area of two to three square metres, identified in
levels dated to c. 500 ka BP, was stained red and associated with small elongated and
rounded ochre lumps . In the Kapthurin Formation, GnJh-15 site, Kenya, >70 pieces of
red ochre, with a weight of >5 kg and possible grindstones stained with ochre were
reported in layers dated 500284 ka 3636788 Excavations conducted at Olorgesailie,
Kenya, have revealed the presence of 86 lumps of potential black pigment and two red
ochre pieces in levels dated from ~320 to >295 ka ’. Geochemical analyses show that
these rocks are exogenous. The red pieces bear striations produced by grinding. One
shows anthropogenic notches and the other a possible perforation attempt.

MSA levels of site Sai 8-B-11, at Sai Island, Sudan %°7°, dated to c. 180 ka, yielded yellow
and red ochre pieces associated with ochre processing tools (sandstone mortars shaped
by knapping and small chert pebbles that show the presence of yellow and red residues).
From 160 ka, systematic use of ochre becomes ubiquitous ****. Numerous late MSA sites
from eastern Africa have yielded ochre pieces that are sometimes associated with
grindstones. Their number is probably underrepresented. Interest in pigment use is
relatively recent, and so it is likely that an undetermined number of finds were not
systematically reported in the past. Except for a few cases, ochre assemblages from this
region are only briefly described in the literature.

65.71-75 and Nasera rock

In Tanzania, evidence for MSA ochre use was found in Mumba
shelters %747 In Mumba, it consists of worked pieces of yellow and red ochre from
levels dated to c. 100-50 ka ”'. Grindstones were also found at both sites but it is unclear
whether they preserve ochre residues. At Kisese I Rockshelter, Tanzania, red and more
rarely orange and yellow ochre was identified in levels >45 ka cal BP 77-7°. Ochre pieces
showing wear-facets were also recovered from levels dated to >43 ka cal BP. “Stone
palettes” with ochre-stained surfaces are reported in levels dated 39.6-34.3 ka cal BP.

Recent excavations at Panga ya Saidi, Kenya, have revealed the presence of 17 ochre
fragments probably used to produce ochre powder in layers dated to c. 48—14.5 ka #°,
Two of them, recovered from layers dated c. 48-25 ka, bear traces of modification. Two
flakes with traces of red ochre and one small ochre-stained lower grindstone were
recovered at Enkapune Ya Muto, Kenya, in levels probably older than 41,400+700 BP .
At Mochena Borago Rock Shelter, Ethiopia #'*2, ongoing research * has revealed the

presence of more than 260 red, yellow, pink, purple, and brown ochre pieces, weighing

nearly two kilograms, associated with ochre processing tools, in levels dated between c.
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53 and 38 ka cal BP. More than half bear traces of modification, including rubbing,
grinding and less frequently scoring and engraving marks. Red and grey pigments were
found in MSA levels at Gorgora Rock Shelter, Ethiopia 343, The presence of ochre was
also reported at Aduma ¥ and Goda Buticha ¥°, Ethiopia. Porc-Epic Cave, Ethiopia,
has yielded the largest late MSA ochre assemblage in the region ®°!92, which is the

subject of the present study.



S2 — Archaeological context

Porc-Epic Cave is located 3 km south of Dire Dawa in Ethiopia, near the top of the Garad
Erer hill, between the Afar Depression and the Somali Plateau (S2 Supplementary Fig.
1). It opens at the base of a Jurassic limestone cliff, 140 m above the wadi Laga Dachatu,

whose main channel course has a length of over 50 km.

Dire Daw
ETHIOPIA

S2 Supplementary Figure 1. Location of Porc-Epic Cave.

(a) Location of the site. (b) View of the top of Garad Erer hill. The arrow indicates the cave entrance. (c)
View of the cave (photo A. Herrero). (d) View of Garad Erer hill and wadi Laga Dichatu. The arrow
indicates the cave entrance (copyright: Google Earth). Modified after °! under a CC BY license, with
permission from PLOS ONE, original copyright 2016.



The cave was discovered in 1929 by Pierre Teilhard de Chardin and Henry de Monfreid,
who excavated a test pit to evaluate the archaeological potential of the site *>. In 1933,
Henri Breuil and Paul Wernert extended the excavation ** and described the “later
schematic style” of the cave’s rock art %, John Desmond Clark excavated a trench in
1974 °>7 and in 1975-1976 Kenneth D. Williamson directed an excavation over a
surface of approximately 49 m? and a depth of 3 m. In 1998, fieldwork conducted by a
team from the Muséum National d’Histoire Naturelle, Paris, France, and the Authority
for Research and Conservation of Cultural Heritage (ARCCH) of Ethiopia helped clarify
the Porc-Epic stratigraphy %.

The stratigraphy of the cave comprises a succession of clayish levels, sandy levels and
breccia and was divided into seven units (S2 Supplementary Fig. 2) that are described in
detail elsewhere °>%. MSA material was recovered from levels 2, 3C/D and 4A/B %,
approximately 60 to 220-230 cm below datum. The overlying layers (6, 7A and 7B) are
composed of fine sands and loam with interstratified hearth material containing LSA and

Neolithic artefacts *°.

South
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S2 Supplementary Figure 2. Porc-Epic Cave's stratigraphy.

Eastern profile (09W-10W) at the end of the 1974 excavation. The gamma-spectrometry age of a human
mandible and the obsidian hydration ages for artefacts recovered during the 1933 excavation are indicated
in green and orange, respectively. '“C ages obtained from gastropod opercula are indicated in blue. Their
stratigraphic position is approximate, as only the depth and square from which these objects were recovered
is known, and therefore cannot be correlated with a specific layer. Reprinted from °! under a CC BY license,
with permission from PLOS ONE, original copyright 2016.



Different attempts have been made to date the sequence, but the chronology of the site
remains unclear °2. Three artefacts were dated by obsidian hydration to 61,202 + 958,
61,640 + 1083, and 77,565+ 1575 '% but this dating method is now considered
unreliable '°-192, High-resolution, low-background gamma-ray spectrometry analyses of
a human mandible produced an age of c. 50 ka 8. Accelerator mass spectrometry (AMS)
radiocarbon determinations for three Revoilia gastropod opercula *° yielded uncalibrated
1C ages of 33,700 + 300 (Beta—193517), 35,600 + 350 (Beta—193516), and >43,200
(Beta—193518), suggesting that the sequence may have accumulated over at least 4,500
years °>!%, The 95.4% probability range of the two finite ages '** are 38,800-37,049 cal
BP, and 41,084-39,421 cal BP (IntCall3; OxCal 4.2). The stalagmite that seals the
breccia containing the main MSA levels yielded a '*C age of 4,590 + 60 BP and U-Th
age of 6,270 + 1020 BP *°. Charcoal fragments recovered in the uppermost breccia have
been dated to 5,700 + 110 BP.

Depth: 0-60 ¢m
Arcas excavated in 1973-1976

=== Location of the site profile

LR | T T T L I T T T T T 1
— LI TWEY 1S I 1312 TV 0W 08 DBIY OTVY OBV OSW 04W Q3 02W 01N

Depth: 60-100 em

758

Number of

150 20 15 ochre fragments

A
N

N

1

I T T T T T
MEW ;

—_— e e e e

I
VY 10N DSV DEW 0TV OBV DSW 4% O3 02 D1V

=
2
z

Depth: 100-190 ¢m —

6&108A |
2

K

j/\1OSA L

Depth: 190-280 cm

I T T T T T T T T T T T T T T T 1
m— T A TEW 1S T T3 120 T T0W 00N DBIA 07UV OBV DSW AW D3N 02

T T T T T T T T T T T T 1
TEN 1YY AW TN 1TV 10V DEU 0B D7V DEUW O5UV DAW D3W 029 014

T
o1 — e

S2 Supplementary Figure 3. Spatial distribution of ochre pieces, ochre processing tools and ochre-
stained artefacts.

Bubble sizes reflect the frequency of ochre pieces per grid unit. Numbers indicate ochre processing tools
and ochre-stained artefacts (OSA) when indicated. Reprinted from °' under a CC BY license, with
permission from PLOS ONE, original copyright 2017.



Finds from the MSA layers at Porc-Epic Cave include stone tools 389%:98:105-112 " fayna]

99,113,114 114,115

remains , a human mandible and gastropod opercula ', ochre and ochre

processing tools 1192, For a summary of previous research, see °'.

Evidence for ochre use at Porc-Epic Cave was first reported by Breuil and Wernert '%.
Clark and Williamson *° recovered 214 ochre pieces and one limestone grindstone during
the 1974 excavations. Ochre pieces and ochre-stained artefacts were also collected during
the 1975-1976 excavations by Williamson but were not mentioned in the literature before
their reassessment by us °2. They include 4213 pieces (c. 40 kg) of red, brown and yellow

1

iron-rich ochre pieces ', as well as 21 ochre processing tools and two ochre-stained

91

artefacts found throughout the sequence, in different areas of the cave (S2

Supplementary Fig. 3).



S3 — Previous research: ochre processing tools

S3 Supplementary Figure 1. Ochre processing tools and ochre-stained artefacts found at Porc-Epic
Cave.

Numbers correspond to the objects' identification number. Reprinted from °! under a CC BY license, with
permission from PLOS ONE, original copyright 2016.



S3 Supplementary Figure 2. Ochre residues from ochre processing tools on carbon adhesive tabs.

a: sample AT1A (OPT 1); b: sample AT1B (OPT 1); c: sample AT2A (OPT 2); d: sample AT2B (OPT 2);
e: sample AT3 (OPT 3); f: sample AT4 (OPT 4); g: sample ATS (OSA 5); h: sample AT6A (OPT 6); i:
sample AT6B (OPT 6); j: sample AT7 (OPT 7); k: sample AT8 (OPT 8); I: sample AT9 (OPT 9); m: sample
AT10 (OPT 10); n: sample AT11 (OPT 11); o: sample AT12 (OPT 12); p: sample AT13 (OPT 13); q:
sample AT14 (OPT 14); r: sample AT15 (OSA 15); s: sample AT16 (OPT 16); t: sample AT17 (OPT 17);
u: sample AT18 (OPT 18); v: sample AT19 (OPT 19); w: sample AT22 (OPT 22). Reprinted from °' under
a CC BY license, with permission from PLOS ONE, original copyright 2016.
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S3 Supplementary Figure 3. SEM images of ochre residues from Porc-Epic Cave's ochre processing
tools and ochre-stained artefacts.

All figures are in backscattered electron (BSE) mode. a: OPT 1, sample AT1 zone 1; b: OPT 1, sample AT1
zone 2; ¢: OPT 2, sample AT2A; d: OPT2, sample AT2B; e: OPT 3, sample AT3; f: OPT 4, sample AT4;
g: OSA 5, sample ATS5; h: OPT 6, sample AT6; i: OPT 7, sample AT7; j: OPT 9, sample AT9; k: OPT 12,
sample AT 12; 1: OPT 13, sample AT13; m: OSA 15, sample AT15; n: OPT 22, sample AT22. Scales = 10
pum. Reprinted from °! under a CC BY license, with permission from PLOS ONE, original copyright 2016.
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S3 Supplementary Table 1. Results of SEM-EDS analyses on residues from Porc-Epic Cave's ochre
processing tools and ochre-stained artefacts.

Clay-sized particles (<4um)

Silt and sand-sized particles (>4pm)

Num
Shape Composition* Shape Composition*
. . Irreg Fe, Mn (iron oxide)
Aggl F d
] ggl Fe (iron oxids) Plat  Si, Al K. Na (K-rich mica)
. . Ang Ca, Mg (carbonate)
Plat Si, Al, Ca, K (clay minerals )
Al Ca, K (clay ) Irreg Ba, S (Ba-rich sulphate)
) . Irreg Fe, Cr, Ni (undet)
Agagl F d
2 99l Fe (iron oxide) Ang Si (silicate)
Plat Si, Al, Ca, K, Mg (clay minerals) Irreg Si, Al, Ca, K, Na (Ca-rich feldspar)
) . Irreg Fe, Cr, Ni (undet)
Aggl F dt
3 ggl Fe (iron oxide) Subcirc  Fe (iron oxide)
Plat Si, Al, Ca (clay minerals) Irreg/ang  Si (silicate)
Fe, Si, Al, Ca, K, Mg, Na, Ti (mixture ) .
4 Aggl of iron oxides and aluminosilicates) Oct Fe, Ti (undet oxide)
Plat  Si, Al, Ca (clay minerals) Ang Si (silicate)
Irreg/ : . Irreg Fe (iron oxide)
=" Fe (iron oxide
5 acic ( ) Irreg Si, Al, Na, K (feldspar)
Aggl Si, Al, K, Ca (clay mineral) Irreg Si (silicate)
) . Irreg/plat  Fe, Ti (undet oxide)
6  Aggl Si, Al, Mg, K (clay mineral)
Ang Si (undet silicate)
Irreg Fe (iron oxide)
. . Agal Si, Al, Ca, Na (Ca, Na-rich feldspar)
7 Aggl Fe (iron oxide
99 ( ) Aggl Si, Al, Ca (undet aluminosilicate)
Irreg Si (silicate)
9 Aggl Fe (iron oxide) Irreg Si (silicate)
Aggl Si, Al, Ca, K, Na (clay minerals) Irreg Si, K, Al (feldspar)
. . Irreg Fe, Si, Al, Mg, K, Cl, Ca (undet)
Irreg  Fe (iron oxide ; ) )
12 9 ( ) Subcirc  Si, Ca, Al, K (Ca-rich feldspar)
Plat Si, Al, Ca, K, Mg (clay minerals) Plat Si, Al, K (K-rich mica)
Fe, Si, Al, Ce, La, Nd, Na (mixture of . .
13 Aggl iron oxides and clay minerals) Tab Si, Na, Al, K (Na-rich feldspar)
Aggl Ba, S (Ba-rich sulphate)
15 Si, Fe, Al, Ca, K, S (mixture of iron Irreg Fe, Ti (undet oxide)
Aggl . .
oxides and clay minerals)
. . . . Ang Fe (iron oxide)
22 Aggl [ & ShAl(mixture of iron oxides and reg  Fe, Si, Al (Fe-rich silciate)
aluminosilicates) ) S
Ireg/ang Si, Al (undet aluminosilicate)

Num: number; aggl: agglomerate; irreg: irregular; plat: platy; ang: angular; subcirc: subcircular; oct:
octahedral; acic: acicular; tab: tabular. (*) Interpretation in brackets. The objects' identification number is
the same as presented in S3 Supplementary Fig. 1. Reprinted from °' under a CC BY license, with

permission from PLOS ONE, original copyright 2016.
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S3 Supplementary Table 2. Results of p-RS

processing tools and ochre-stained artefacts.

analyses on residues from Porc-Epic Cave's ochre

Num Sample ab an aug cal dol gth gp hem | kin [ lep | mag man mnt ms gz un.alum. un.Mnox. C
1 AT1AB . . . .

2 AT2A,B . . . . . .

3 AT3 . .

4 AT4 . . . . B

5 AT5 . . .

6 ATBA . .

7 AT7 . . . . .
8 AT8 . . . .

9 AT9 . . . .

10 AT10 . . . . . .

11 AT11 . . . . . .

12 AT12 . . . .

13 AT13 . . . . .
14 AT14 . . . . . . .
15 AT15 . . . . .

16 AT16 . . . .

17 AT17 . . . . .

18 AT18 . . . . .

19 AT19 . . . .

22 AT22 . . . .

Num: number; un: undetermined; alum: aluminosilicate; ox: oxide; C: carbon; abbreviations of minerals

are based on the nomenclature suggested by

116

except for lepidocrocite (lep), and manganite (man). The

objects' identification number is the same as presented in S3 Supplementary Fig. 1. Reprinted from °! under
a CC BY license, with permission from PLOS ONE, original copyright 2016.

S3 Supplementary Table 3. Results of XRD analyses on residues from Porc-Epic Cave's ochre
processing tools and ochre-stained artefacts.

Num | Sample

Num.: number; abbreviations of minerals are based on the nomenclature suggested by !

T
T3
T5
T6
T7
T8
T9
T10
T12
T7
T18

ab

an

.

ant

aug ber

cal

.

clc

gth | gp hal

hem | kin  Imt mc | mgh
. .

mnt

or

6

ram | sa | sap

, except for

bernalite (ber), halloysite (hal) and ramsdellite (ram). The objects' identification number is the same as
presented in S3 Supplementary Fig. 1. Reprinted from °! under a CC BY license, with permission from

PLOS ONE, original copyright 2016.
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S4 — Previous research: ochre pieces

Visual characterisation

Six types of raw material were identified macroscopically ¢':

Soft, fine-grained ferruginous rocks (SFG): homogeneous, fine-grained, clayish rocks

with very few or no inclusions.

Colour: mostly red and dark red, but also grey, brown, orange or yellow and only
rarely bear small black spots.

Morphology: most are slabs (n = 339) or irregular pieces (n = 218), although nodules
(n=117) and pebbles (n = 107) are also observed.

Texture and density: several examples have a compact structure; others are laminated

or show small cavities. Generally light.

Banded, fine-grained ferruginous rocks (BFG): rocks with the same texture and

appearance as type SFG but with clearly differentiated layers of colours.

Colour: mostly red and yellow, or red and orange but also dark red, grey or brown.
Morphology: mostly found as nodules (n = 90), followed by smaller numbers of slabs
(n=23) and irregular pieces (n = 19) or pebbles (n = 14).

Texture and density: generally light, these materials usually have a compact

structure.

Hard, fine-grained ferruginous rocks (HFG): very hard and heavy iron oxides.

Colour: dark colours, mostly grey and red, but also black. They rarely show brown,
yellow, dark red, grey and orange spots.

Morphology: usually occur as nodules (n = 51) and pebbles (n = 45) and more rarely
as slabs (n = 33) and irregular pieces (n = 24).

Texture and density: hard and heavy.

Coarse-grained ferruginous rocks (CG): heterogeneous agglomerates of grains of

different colours and shapes.

Colour: mostly red, dark red and grey grains, and more rarely yellow, orange, and

brown grains.

14



*  Morphology: generally irregular in shape (n = 49) or occur in the form of nodules (n

=42) and, to a lesser degree, pebbles (n = 25) or slabs (n = 28).

Ferruginous sandstone (FS): agglomerates of translucent grains (probably quartz) in a

fine iron oxide matrix.

*  Colour: mostly red and orange, sometimes with dark red, grey, brown and yellow
spots.

*  Morphology: commonly found as slabs (n = 5), nodules (n = 2) or pieces with

irregular morphologies (n = 2).

Platy fine-grained ferruginous rocks (PFG): agglomerates of platelets characterised by
a shiny or metallic-like appearance.
*  Colour: usually greyish with red veins,

*  Morphology: can be irregular (n = 2) or flat in shape (n = 1).

S4 Supplementary Table 1. Criteria for the determination of ochre types.

Raw material type Colour Texture Inclusions Hardness Density
Soft fine - grained (SFG) G,Y,BR,BL, O, R,DR VF Hom None or few  Soft to hard Light
Banded fine - grained (BFG) Layersof Y, O, R, DR, G, BF  VF Hom None or few Soft to hard Light

Hard fine - grained (HFG) G,Y,BL, O, R, DR, BR VF Hom None Very hard Heavy

Coarse - grained (CG) G, Y,BR,O,R, DR C Het Subcirc /irreg  Soft to hard Normal

Ferruginous sandstone (FS) G,Y,BR, O, R,DR C Hom Subcirc /irreg  Soft to hard Normal
Platy fine - grained (PFG) G, R F+C Het Platelets Soft Light

G: grey; Y: yellow; BR: brown; BL: black; O: orange; R: red; DR: dark red; VF: very fine; C: coarse; F:
fine; hom: homogeneous; het: heterogeneous; subcirc: subcircular; irreg: irregular. Reprinted from ¢! under
a CC BY license, with permission from PLOS ONE, original copyright 2017.

Anthropogenic modifications

Anthropogenic modifications, including traces of flaking, striations, facets, smoothed

areas, incisions, and pits, were identified macro- and microscopically °':

*  Pieces bearing traces of flaking include objects with simple or multiple flake scars
and flakes.

*  Striations (S4 Supplementary Fig. 1a, b) produced by grinding the piece against an

21,117,118

abrasive surface are present as linear parallel marks arranged in groups

Facets refer to areas flattened by grinding and covered with striations.

15



* Incisions (S4 Supplementary Fig. lc, d) are present as sub-parallel, slightly curved
marks displaying multiple grooves (or micro-striations defined as microscopically
visible parallel striations) produced by the asperities of lithic cutting edges or other
sharp tools during scraping or scoring 217118,

*  Smoothed areas (S4 Supplementary Fig. 1e) refer to homogeneous surfaces lacking
irregularities and projections in comparison to neighbouring unmodified areas or
those on which modification marks have been partially or fully erased '8,

*  Percussion pits (S4 Supplementary Fig. 1f) take the form of depressions produced by

91,119,120

a pounding action

S4 Supplementary Figure 1. Modifications on ochre pieces.

a, b: Striations produced by grinding (ochre pieces PE102 and PE987); ¢, d: incisions produced by
scraping/scoring (ochre pieces PE306 and PE1419); e: Smoothed areas (ochre piece PE3067); f: Pits
produced by a pounding action (ochre piece PE931, OPT21). Reprinted from °' under a CC BY license,
with permission from PLOS ONE, original copyright 2017.
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S4 Supplementary Figure 2. Vertical distribution of ochre pieces per raw material type.
Data are presented as number of pieces and percentages. Separate histograms are presented for ochre from
the northeastern (NEA) and southeastern (SEA) accumulations. SFG: Soft fine-grained; BFG: banded fine-
grained; HFG: hard fine-grained; PFG: platy fine-grained; FS: ferruginous sandstone; CG: coarse-grained.
Reprinted from ' under a CC BY license, with permission from PLOS ONE, original copyright 2017.
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(SEA) accumulations. Reprinted from ®! under a CC BY license, with permission from PLOS ONE, original

copyright 2017.
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S4 Supplementary Figure 4. Vertical distribution of modifications identified on ochre pieces.
Data are presented as number of pieces and percentages; a: occurrence of each modification type throughout
the sequence. Separate histograms are presented for ochre pieces from the northeastern (NEA) and
southeastern (SEA) accumulations; b: occurrence of main combinations of modifications. Ochre pieces
with only one modification or combinations that appear on less than 4 pieces were excluded. FK: flaking,
G: grinding; SC: scraping; SM: smoothing; P: pitting. Reprinted from ¢ under a CC BY license, with

permission from PLOS ONE, original copyright 2017
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S5 — Ochre pieces: elemental data

S5 Supplementary Table 1. Results of XRF analyses conducted on ochre pieces from Porc-Epic Cave
and natural pieces found in the surrounding area.

Ochre Analysis _ . o o . oV S Ga As R St Y Ba
;::3:: Raw mat num Si(%) K(%) Ca(%) Ti(%) Mn(%) Fe (%) (p|):|m (p[)Jm (epm) (ppmM) (pPM) (ppM) (pPM) (PPM)
9 SFG 1 2,46 0,1605 04828 0,112 <0,0041 8521 559 37 9 88,4 64 655 64 93
9 SFG 2 3,17 0,1275 0,3136 0,0848 <0,0038 74,94 392 <45 133 66,7 56 54 566 <77
9 SFG 3 3,61 0,1645 0,3816 0,1022 <0,0039 78,39 443 <46 138 683 48 56 756 <80
9 SFG 4 4,31 0,187 04952 0,1459 0,0077 79,49 483 <47 81 1031 60 658 745 <81
9 SFG 5 2,694 0,2098 0,5461 0,157 <00043 83,01 498 <48 13,1 1056 45 634 826 <83
17 SFG 1 11,6 2,147 3219 0,2108 0,22 4196 81 <31 <48 277 42 894 296 <88
17 SFG 2 12,68 1833 254 0,1856 0,2576 388 102 <30 <4,7 208 40 80,4 28,7 <86
17 SFG 3 12,78 1941 2782 01945 0,1631 3723 116 <30 <48 20,2 44 857 279 <91
17 SFG 4 10,42 1,978 2,951 0,1993 0,2875 4523 234 <34 <50 293 41 89,1 332 <94
17 SFG 5 1042 2,077 2,901 0,2002 0,3001 44,76 211 <33 <51 24 38 86,9 221 <93
51 SFG 1 7.27 03209 0,9909 02143 <0,0033 57,16 354 <39 276 226 38 60,7 423 102
51 SFG 2 17,26 0,5599 2,526 0,4982 0,0994 3164 77 148 255 135 43 1875 4781 <90
51 SFG 3 12,19 0,7723 0,8894 2,237 0,111 37,59 3786 75 14,3 334 38 686,4 73 19730
51 SFG 4 13,83 0,3088 1,553 0,3141 0,01877 3503 488 792 338 131 38 959 3123 1087
51 SFG 5 6,5 05234 0,8056 0,2526 0,0215 69,03 672 <43 16,3 56,8 45 69,2 86,9 <87
133 SFG 1 10,88 2,201 1,882 0,3841 0,7438 50,86 299 <37 <50 422 664 1174 981 <96
133 SFG 2 13,39 2,387 2,334 03879 1,117 3949 293 419 <48 32 61,9 1459 1049 <92
133 SFG 3 11,76 2009 2539 03256 07012 39,68 221 41 <47 265 48 1248 974 <91
133 SFG 4 13,02 2,567 1,807 04101 1,425 41,22 290 36 <49 342 564 1486 1083 <93
133 SFG 5 8,09 1307 1494 0,1903 04081 56,36 101 66 <46 311 45 1096 774 <88
295 SFG 1 7,34 135 1643 0,287 10,1433 5519 241 <38 <45 307 50 614 40,3 <81
295 SFG 2 964 1,098 1,3 02157 0,1754 3361 284 69 <34 151 38 58 191 <10
295 SFG 3 7,74 139 1424 0,3001 0,1377 58,22 222 <39 <47 283 46 546 29,6 <84
295 SFG 4 837 1313 1746 02514 04901 559 567 82 <47 316 38 657 283 <87
295 SFG 5 8,07 1381 1307 02953 01132 5587 189 <38 <45 228 50 63 341 <83
381 SFG 1 <22 02635 0412 0,1027 0,3596 84,57 480 <48 <52 1598 56 82,3 55,4 <91
381 SFG 2 2,02 0,1935 0,3035 0,0847 0,2948 69,2 385 <42 <44 1164 40 819 61,1 <84
381 SFG 3 3,03 0,2572 0,3346 0,0879 0,2214 6345 322 <41 <46 976 38 694 249 <78
381 SFG 4 2,17 0,2462 04274 0,1166 0,35 81,98 431 <48 <53 1636 72 804 421 <89
381 SFG 5 3,16 02787 0,3454 0,116 0,2191 69,69 540 <44 <47 1209 56 733 407 <82
538 SFG 1 21,97 1504 1,906 0,8208<0,00016 29,25 397 <33 515 188 45 68,3 40,3 <92
538 SFG 2 14,35 1446 1,508 0,5663 <0,0029 4591 734 <36 38 221 50 65,7 54,1 < 82
538 SFG 3 12,45 09265 1,307 0,611 <0,0037 4863 539 627 40,1 275 38 613 565 <83
538 SFG 4 11,49 08299 2266 0,2386<0,0001C 5229 596 <37 46 313 38 657 31156 <88
538 SFG 5 8,98 1,138 1,608 0482 <00033 6199 1022 <41 323 378 38 55,9 311 <86
610 SFG 1 6,18 08281 1,377 0,737 1,812 62,03 705 13 <50 772 38 1135 45,1 <88
610 SFG 2 5,02 08478 1,107 0,1987 2,053 66,29 622 15 <571 858 62 1164 57,1 <92
610 SFG 3 565 0,77 09617 0,719 1,019 5168 496 <38 <43 534 38 916 506 <82
610 SFG 4 549 08555 1245 0,1859 1,042 6564 2362 <42 <47 576 69 94 664 <91
610 SFG 5 6,19 0,7786 0,9953 0,1655 1,332 56,23 448 43 <44 573 44 88,2 44,8 <85
615 SFG 1 345 08138 2192 0,1653 02575 66,35 412 <40 <48 879 39 737 347 <80
615 SFG 2 4,44 08001 2,774 01739 0,1959 62,73 501 <39 <46 781 38 744 361 <78
615 SFG 3 6,48 08706 1,827 0,1656 0,2445 4581 247 <33 <40 401 38 64,3 16,7 <66
615 SFG 4 581 08913 2687 0,1855 0,2527 5346 386 <36 <43 522 38 757 324 <75
615 SFG 5 49 1,136 1,973 0,1976 0,1974 56,82 224 <37 <44 568 40 751 354 <79
710 SFG 1 3,59 02419 831 0,1287 0,0341 3566 77 <25 239 161 38 73,6 9,6 224
710 SFG 2 2,68 0,1549 3,727 0,03 10,0678 4889 82 <32 85 3439 38 68,2 19,8 164
710 SFG 3 <20 0,0965 2225 0,021 <0,0036 6485 125 <39 18,7 407,77 38 72,3 25 224
710 SFG 4 4,04 01638 528 0021 0,103 4984 98 <32 83 3449 38 747 123 <84
710 SFG 5 242 0118 2,773 0,0335 0,0871 5922 94 <37 <72 4908 38 669 216 175
725 SFG 1 8,14 2,002 3969 0,3218 0,7662 59,58 708 <39 <517 1055 52 1078 68,8 <93
725 SFG 2 10,38 2,133 3,596 0,3165 06439 4785 569 <35 <571 586 40 1015 527 <85
725 SFG 3 8,39 2,145 3,671 0,3329 0,7832 5348 517 11 <47 814 55 112,7 668 <91
725 SFG 4 6,43 1804 4545 0,3904 06422 56,95 888 <37 <47 716 51 108 517 <87
725 SFG 5 6,53 1451 2795 02166 07221 56,38 460 <37 <46 48 38 1044 74 <89
726 SFG 1 12,08 1,486 2162 6497 0,1155 31,93 180 <371 276 17 38 7525 48,2 1242
726 SFG 2 994 1244 2063 6,352 01193 335 176 <32 208 118 38 7404 50,5 1556
726 SFG 3 88 1374 2087 6407 10,1841 3488 160 53 <46 187 38 6174 503 740
726 SFG 4 6,02 1412 2472 7268 0,1706 4058 <63 <35 <51 317 38 6539 61,8 912
726 SFG 5 853 125 2264 6,72 0,794 36,19 105 12 <52 221 38 890,7 557 1991
737 SFG 1 17,71 07057 1429 9,331 10,0294 278 <65 <27 345 105 38 639 <21 <86
737 SFG 2 18 04866 0,925 5,188 0,00575 27,53 307 <27 30 14,8 38 64,4 <10 <78
737 SFG 3 15,48 06406 1,361 7,573 0,0409 27,15 <60 <27 352 11 38 707 6.3 96
737 SFG 4 24,51 05182 1,314 6,822 0,0331 2579 204 <26 345 147 38 733 4,2 <81
737 SFG 5 1528 085 1,98 1064 00388 4167 <73 <34 356 295 38 77,5 95 <100
913 SFG 1 6,61 07934 2457 0,2074 0,2586 62,82 312 <40 <50 47 40 706 993 <f{,0
913 SFG 2 5,9 0,763 2452 0,1877 02722 64,33 250 <40 <46 45 55 79,2 23 <87
913 SFG 3 57 07448 2677 0,1746 0,2611 6427 264 <39 <50 43 45 628 67,2 <85
913 SFG 4 8,11 07778 2731 0,2132 01725 58,28 323 <38 <47 371 47 74 110,2 <87
913 SFG 5 9,7 09198 2612 0,2381 0,1464 55,17 262 11 <47 33 38 77 16 <87
919 SFG 1 6,14 03995 1368 0.1874 <0,0035 6429 560 <471 324 475 38 53 664 <85
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7.9
813
7.56
12,66
89
10,79
7,52
8,96
9,78
538
524
542
4,24
533
5,81
5,82
6,65
7,41
6,84
9,71
7.51
10,28
12
7,74
8,76
9,93
12,35
8,57
22,27
4,78
4,04
56
4,66
4,21
4,68
4,76
6,39
6,02
5,04
7,46
5,94
813
11,86
13,21
4,02
6,36
3,61
523
543
6,32
6,05
5,48
3,94
8,6
5,31
512
517
4,71
7.49
4,86
4,77
55
6,25
6,75
13,76

0,9354
1,028
0,8944
0,601
0,6829
0,8524
0,6725
0,6655
1,47
1,468
1,73
1,425
2,077
1,967
1,932
1,228
1,778
1,866
1,363
1,429
1,465
1,377
1,45
0,6912
0,7183
0,6915
0,7731
0,7222
1,978
1,687
1,572
2,163
1,697
0,8518
0,8557
1,001
1,019
2,387
0,5853
0,5686
0,6786
0,7507
0,5218
0,3585
0,4728
0,5861
0,8211
0,4496
0,3782
0,3206
0,4962
0,7368
0,571
0,4991
0,6892
0,6669
0,7301
0,8304
1,142
1,143
1,005
0,5066
1,17
0,7719
0,7906
0,6404
0,7098
0,683
0,6702
0,6124
0,6373
1,142
0,0893
0,6848

1,454
1,919
1,376
1,372
1,551
1,647
1,762
1,523
1,755
1,63
1,739
1,48
1,508
1,684
1,626
1,832
1,595
1,625
3,569
2,871
2,878
2,288
2,988
2,915
3,198
3,459
5,652
3,014
0,5841
0,6858
0,9751
1,279
0,7184
2,675
2579
2,792
2,66
3,194
1,292
1,908
2,187
2,35
1,188
1,292
1,663
2779
1,345
1,554
5,47
4,077
8,077
10,08
5519
0,9541
1,105
1,094
1,091
1,208
5,12
6,163
1,498
1,011
4,398
1,766
1,79
4,371
2,507
2,95
3,242
4,69
3,084
2684
2,433
6,604

0,2758
0,4186
0,2784
0,9734
1,011
0,833
1,003
1,036
0,2655
02312
0,7693
0,2377
0,3182
0,26
0,2552
0,1773
0,2527
0,281
0,1677
0,1749
0,1552
0,1741
0,1639
0,1295
0,124
0,2422
0,1578
0,1372
0,3994
0,3178
0,2696
0,7935
0,3133
0,2904
0,306
0,3496
0,3108
0,4559
0,1881
0,1762
0,363
17
0,1726
0,147
017
0,1565
0,1958
0,1651
0,2146
0,1497
0,2358
0,3375
0,3641
0,1412
0,2013
0,1897
0,2844
0,2298
0,2469
0,2525
0,1596
0,1148
2,094
0,1681
0,1696
0,184
0,1644
0,1756
0,1962
0,1863
0,2054
0,1757
0,1782
0,1358

04737
0,4039
04736
<0,0018
<0,0001¢
<0,0020
0,00241
<0,0020
0,9099
0,6853
0,5223
0,5964
0,1265
0,1264
0,1472
0,7569
07164
0,5238
0,8036
0,9335
0,9385
0,5749
0,9342
0,4636
0,6434
0,518
0,8236
0,498
0,0413
0,0332
0,0184
0,0575
0,0322
02172
0,3328
0,2072
0,5332
0,1046
0,1618
0,2486
0,1633
0,1916
02217
0,1206
0,0977
0,0452
0,0679
0,1291
0,1634
0,1222
0,3154
0,3448
0,2386
0,0954
0,0717
0,2556
0,1399
0,1491
1,087
1,259
0,4838
0,4948
0,8326
0,1169
0,1196
0,3654
0,1293
0,285
0,3056
0,1814
0,2839
0,4189
0,3461
0,3078

52,99
58,8
54,48
13,61
16,82
18,65
10,06
18,63
58,04
50,63
52,56
51,79
38,43
61,96
54,92
62,01
60,1
58,06
59,07
60,28
60,03
60,74
60,37
55,27
51,21
58,05
57,28
55,32
47,25
56,74
55,28
42,96
57,66
56,19
49,95
45,44
49,86
16,81
66,89
67,87
62,12
49,62
68,28
56,04
56,05
31,83
61,9
64,6
38,28
39,47
44,06
28,78
16,55
62,29
60,19
75,46
63,18
63,34
58,77
59,38
62,91
63,38
44,26
66,64
68,9
72
69,18
54,47
65,34
67,29
65,01
5975
55,19
38,62

581
869
578
382
377
403
381
384
491
439
1861
373
165
372
256
182
343
353
140
78
77
109
112
924
880
1360
1131
888
294
241
336
1638
230
202
232
216
513
148
534
572
1058
4081
564
363
381
183
301
416
347
347
430
428
576
177
290
387
819
549
560
545
359
363
5500
106
145
354
145
265
1166
1176
1277
1001
963
191

<38

<38
159
596
80,5
120
779
<39
<37
58
<37
<31
<40
9.1
<39
5,1
54
<37
<38
<38
<39
<38
<38
<10
44
5.2
1.4
6,9
54
54,2
42
<39
<37
<35
<34
<35
<21
<42
<42
33
50
<43
<38
<38
<27
13
<41
<10
<30
<30
<24
6,1
<40
59
11
14
<41
<37
<37
<40
14
<10
33
<42
66
<41
<36
15
97
89
<39
24
<29

<48
<51
<49
105,9
94,4
99,8
117.3
97,2
<52
<47
<53
<49
6,1
<45
<42
<46
<48
<47
<45
<45
<47
<46
<45
<51
<49
<49
<50
<48
20,6
17
259
206
15,8
<46
<45
<48
<47
25
<49
<51
<51
<52
<49
<43
<43
17,7
6,2
<47
<50
97
<55
<56
<47
<46
56
<50
<47
<47
<44
<45
<47
<46
<46
<45
<4,6
<50
<45
<42
<47
<49
< 4,8
<49
<46
<53

58,1
54,6
59,7
22,5
26
28,1
12,4
27
127,8
100,8
107,3
101
271
54,7
48,4
39,2
56,3
46,5
41,5
46,4
37
41,8
45,7
56,6
52,3
65,6
54,2
59,5
22,6
34,1
26,2
245
31,6
49,6
43,6
34,9
56,7
13,7
127,3
153,6
112,9
79,6
168,3
95,3
86,8
36,4
100,1
123,2
33,1
31,1
34,1

12,1
34,7
42,3
107,6
49,4
55,8
38,9
37.8
43,7
53
31
45,2
52
54,3
53,7
36,1
76,3
46,4
66,3

39,4
23,9

55
51
53
36,7
383
41,3
25,9
37,6
45

48
38
45
44
59
44
57
46
38
42
43
42
38
38
38
48
38
51
64,2
60
52
57,5
55
70
45
39
60,8
87,9
50

48
38
47
38
38
38
48
39
38
38
38
43

441
59
a7
86
50
54
38
52
51
49
39
44
40
40
42
38
40
38
38
38
45
38

77,7
90,5
76,6
503,5
529
500,6
536,7
573,9
87
98
150,4
97,5
81,2
71,1
66,3
61,7
60,6
62,3
84,8
86,7
83,9
83,7
89,8
79,2
88,3
91,5
97,8
97,1
60,1
46
55,6
72,6
50
71,1
76.8
68,7
72,2
63,5
76,6
75,1
151,9
1214
85,8
78,2
65,4
63,2
70,4
80,5
67,7
66,5
106,8
1124
86,5
1135
65,2
76,9
70,4
77,6
100,6
90,9
78,4
1054
282
63,3
65
84,3
66,7
74,2
79,8
67,2
77,9
747
68,2
106,1

48,8
27,5
48,4
439
356
45,8
50,7
34,3
34,8
54,9
276
62,3
414
41,2
436
17,7
20,8
228
41,8
437
27,3
27,6
39,8
75,9
78,2
80,8
117,2
106,1
77
377
1473
26,4
41
71
66,2
57,2
68,9
35,6
58,4
56,7
23,2
11
725
59,3
31
18,8
358
40,4
12,6
11,8
30,7
134
<20
2354
59,1
828
483
61,8
47
492
56
1244
38,3
39,3
34,2
1241
55,9
55,1
85,1
104,7
76,7
55,9
59,3
80,4

<90
<97
<92
320
153
233
296
171
<84
<84
<87
<84
<74
<83
<78
< 80
<81
<79
<87
<86
<87
<86
<85
<82
<81
<84
<87
<86
<85
<88
<84
129,2
131
< 86
<87
<92
<84
<87
<86
<85
191,4
28210
<87
82
115
183
102
<85
82
92
< 88
<82
<67
<90
121
<90
<85
<85
<85
<80
< 88
<90
<81
<82
<84
<91
<85
<76
<85
<88
< 1,0
<84
<81
<76
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2091
2091
2091
2091
2159
2159
2159
2159
2159
306
306
306
306
306
521
521
521
521
901
901
901
901
901
1499
1499
1499
1499
1499
1700
1700
1700
1700
1700
1806
1806
1806
1806
1806
2104
2104
2104
2104
2104
102
102
102
102
102
1419
1419
1419
1419
1419
1485
1485
1485
1485
1485
1585
1585
1585
1585
1585
1734
1734
1734
1734
1734
1752
1752
1752
1752
1752
2017

SFG
SFG
SFG
SFG
SFG
SFG
SFG
SFG
SFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
BFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
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11,68
10,13
12,84
10,23
42
5,97
3,82
3,81
7,86
8,9
18,49
19,33
19,96
11,21
9,14
8,45
5,76
6,13
9,77
9,37
11,6
12,46
11,47
11,03
11,09
10,23
10,72
13,42
6,16
7,93
8,36
10,65
6,25
23,62
9,25
9,99
10,07
4,26
6,96
7.95
6,29
533
7,72
6,21
3,95
7,17
6,93
7,37
4,34
6,52
3,26
6,36
2,01
21,23

6,71
2,32
4,39
6,68

56
5,85
6,75

8,4
7,78
7.27
8,63

12,42
9,41

10,14
9,96
8,75
11,43
9,14
3,56

0,6897
0,6352
0,6802
0,6471
0,422
0,5947
0,4818
0,4417
0,6374
0,9853
1,778
1,922
2,038
1,101
0,605
0,5738
0,5561
0,5485
1,149
1,313
2,009
1,449
1,88
0,8918
0,746
0,7458
0,8709
1,082
0,8086
0,7181
1,074
1,335
0,809
1,525
0,8199
0,6807
0,6412
0,1839
0,7253
0,8236
0,7093
0,8655
0,7974
0,8705
0,5003
0,9365
0,8312
0,9525
0,3079
0,9839
0,6978
0,9986
0,404
0,8306
1,023
1,074
0,1703
0,2046
0,6251
0,4586
0,5988
0.8154
0,8033
0,9803
0,7998
1,018
1,849
19
0,8201
0,9032
0,6558
1,036
0,984
0,4311

6,181
4,888
6,333
5,076
0,4635
1,373
0,8782
0,7992
1,12
1,522
1,937
2,105
2,123
1,492
1,513
15
1,527
1,449
227
1,381
1,68
2,395
1,815
0,5744
0,5601
1,169
1,702
1,706
1,413
1,203
1,538
127
1,406
3,956
3,405
3,667
3,033
1,128
1,499
1,483
1,235
1,51
1,368
1,073
1,386
1,056
1,072
1,303
0,2566
1,127
0,7345
1,088
0,3273
0,6719
0,4042
0,2826
0,2353
0,2731
0,6842
0,4624
0,6234
0,6692
0,7289
1,194
1,086
0,9534
1,511
1,006
1,665
1,382
1,227
1,713
1,466
0,5713

0,1582
0,2246
0,1366
0,2193
0,2453
0,183
0,135
0,1271
0,1901
0,3697
0,5691
0,6062
0,6459
0,4062
0,1504
0,1573
0,2121
0,278
0,2983
0,2051
0,2514
0,234
0,2326
0,2685
0,2044
0,2505
0,2595
0,277
0,3061
0,2759
0,2334
0,2797
0,3166
07734
0,2092
0,1632
0,1667
0,1238
01732
01713
0,1913
0,2018
0,1705
0,2008
0,1179
0,1518
0,1644
0,1798
0,0739
0,2192
0,2998
0,2192
01212
0,6093
0,1853
0,1821
0,0811
0,0799
0,1143
0,0734
0,1194
0,0998
0,0831
0,218
0,202
02127
0,2793
0,2934
0,263
0,3481
0,2765
0,3073
0,3517
0,285

0,2915
0,1804
0,2948
0,1915
< 0,0039
<0,0036
<0,0038
<0,0038
< 0,0031
0,0536
0,0705
0,0908
0,0808
0,0418
0,2019
0,1691
0,6532
0,7023
0,1218
0,1091
0,0706
0,163
0,1255
0,00402
0,0191
0,5006
0,4953
0,4342
0,2901
0,2233
0,1134
05776
0,293
0,2572
0,5129
0,4405
0.5
0,2579
0,2368
0,2748
0,3188
0,365
0,3157
1,023
0,8824
0,5216
0,8804
0,3393
0,3324
0,6239
0,402
0,5861
0,1046
0,01649
<0,0036
<0,0034
0,0461
0,0976
0,0698
0,0544
0,0626
0,0831
0,0809
0,3723
0,422
0,2949
0,1371
0,2423
0,1116
0,1565
0,1672
0,1382
0,1812
0,0085

38,99
5244
39,54
51

79,13
71,41
78,02
79,62
52,7
51,68
20,48
29,18
28,5
47,62
51,36
5223
58,37
57,93
44,67
40,2
33,68
43,69
39,39
44,62
46,53
47,38
52,02
44,39
64,3
52,77
57,75
47,57
65,72
14,96
30,65
26,38
34,99
51,05
53,6
57,6
58,09
65,73
56,61
62,73
71,84
55,5
54,94
61,11
67,66
58,53
81,67
58,31
70,92
24,96
64,35
58,2
84,33
71,72
65,37
7255
69,35
68,42
60,68
63,57
64,21
54,21
48,31
55,55
56,98
57,04
59,07
53,62
57,18
69,67

287
350
253
375
516
175
140
181
179
586
625
620
633
617
86
77
732
921
206
159
190
87
149
104
79
454
413
387
552
470
215
109
577
252
252
227
295
296
275
183
249
307
175
594
615
522
410
415
625
792
879
731
514

363
313
386
292
532
322
562
366
288
261
201
218
435
584
230
420
360
280
587
409

29
<35
7.6
56,1
51
<43
<45
<46
<37
<37
115
101
126
53
<36
< 36
<40
4.9
45
<31
<29
<33
<31
<34
<35
48
<37
<34
14
<38
<39
<36
<42
1,8
<27
<25
<29
<37
84
<39
<39
<42
2,2
<41
<44
<39
<39
< 40
<43
<40
54
53,7
<44
84,7
<42
<39
<48
<44
<42
<43
<43
<42
<39
<40
<41
<38
<36
40
<38
<39
<39
<38
<39
11

<54
<54
<54
<55
14,6
23,3
14,3
16,3
24,6
18,7
30,4
23,9
27,8
23,1
<46
<46
<46
<47
55
6,6
18,5
<45
<49
28,6
259
<44
<48
<49
<50
<46
<47
<49
<49
<53
<58
<55
<56
<49
<44
<48
<44
<50
<47
<50
<48
<44
<49
<50
<48
<47
<52
<45
<45
41,1
221
21,8
<50
<42
<46
<49
<46
<49
<46
<49
<46
<45
<45
<48
<50
<49
<47
<50
<53
14.4

31
34
234
414
81
775
727
76
495
61.4
433
55,6
552
58,8
32,1
32,2
62,5
709
68,9
54,6
38,7
46,9
58,5
13,6
238
41,8
474
42,5
711
48,8
40,3
205
67,7
187
305
233
36,6
34,3
257
30,2
36,3
437
32
61,7
76,2
47,2
63,3
482
1494
61,6
108,6
62,3
93,8
21,7
443
31,8

81,7
80,4
947
93,4
88,7
70,4
40,6
42,8
314
397
58,8
1154
128,7
121,1
997
133
63,4

38
38
38
38
41
45
64
43
38
44
72,2
83,2
80,5
54
40
38
38
40
38
57,7
39,4
49
66,7
39
39
45
52
52
ag
38
39
52
40
62,5

50,5
40
38
38
38
45
54
39
54
54
39
38
40
38
38
56
38
38

47,5

1154
107,1
105
106

103,2
109,6
87,7
17,4
27.6
17,6
47,2
39,1
103,2
50
36,7
42,6
251
42,8
82,1
80,5
79,3
76,6
89,5
91,4
1126
75,3
91,5
45,8
78,5
128,5
70,7
90,1
56,9
38,9
42,7
36,5
61,5
32
13,2
11,9
17.5
43,9
157,5
65,1
77.8
122
72,7
414
48,1
107,9
68,9
1491
177,5
237
35,6
34,4
30,8
41,5
22,9
11,2
20,4
50,5
52,3
36,5
84,3
38,2
354
31,6
57,4
32
35,9
38,7
34,4
49,3
52,5
214
20,6
486

<78
< 80
<77
< 81
<85
<94
<90
2,2
105
94
<87
< 89
< 89
< 89
<92
<91
<87
<88
740
105
307
<75
87
< 87
< 86
<87
< 88
<92
<890
<81
< 88
<94
<90
<84
<85
<88
< 84
<90
<10
< 86
< 86
<94
<87
<87
<88
<87
<84
<90
<70
<82
< 89
<80
<75
156
88
106
<85
84
<76
<84
< 80
29
<82
< 84
<84
<79
<76
<84
<83
<10
<81
<83
<83
<76

23



2017
2017
2017
2017
2047
2047
2047
2047
2047
2282
2282
2282
2282
2282
2375
2375
2375
2375
2375
32
32
32
32
32
809
809
809
809
809
1510
1510
1510
1510
1510
1580
1580
1580
1580
1580
1628
1628
1628
1628
1628
1666
1666
1666
1666
1666
101
101
101
101
101
385
385
385
385
385
965
965
965
965
965
973
973
973
973
973
1577
1577
1577
1577
1577

HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
HFG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
FS
FS
FS
FS
FS
FS
FS
FsS
Fs
Fs
FS
FsS
FS
FS
FS
FS
FS
FS
FS
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<1,0
<10
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<97
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< 134
<95
<96
<94
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< 174
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<116
340
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<213
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< 101
<99
< 103
<101
<102
266
232
102,7
<98
< 94
<92
< 107
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<99
<94
<93
<78
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Laga7 Natural ochre
Laga8 Natural ochre
Laga8 Natural ochre
Laga8 Natural ochre
Laga9 Natural ochre
Laga9 Natural ochre
Laga® Natural ochre
Laga10 Natural ochre
Laga10 Natural ochre
Laga10 Natural ochre
Laga11 Natural ochre
Laga11 Natural ochre
Laga11 Natural ochre
Laga12 Natural ochre
Laga12 Natural ochre
Laga12 Natural ochre
Laga13 Natural ochre
Laga13 Natural ochre
Laga13 Natural ochre
Laga14 Natural ochre
Laga14 Natural ochre
Laga14 Natural ochre
Laga15 Natural ochre
Laga15 Natural ochre
Laga15 Natural ochre
Laga16 Natural ochre
Laga16 Natural ochre
Laga16 Natural ochre
Laga17 Natural ochre
Laga17 Natural ochre
Laga17 Natural ochre
Laga18 Natural ochre
Laga18 Natural ochre
Laga18 Natural ochre
Laga19 Natural ochre
Laga19 Natural ochre
Laga19 Natural ochre
Laga20 Natural ochre
Laga20 Natural ochre
Laga20 Natural ochre
Laga21 Natural ochre
Laga21 Natural ochre
Laga21 Natural ochre
Laga22 Natural ochre
Laga22 Natural ochre
Laga22 Natural ochre
Laga23 Natural ochre
Laga23 Natural ochre
Laga23 Natural ochre
Laga24 Natural ochre
Laga24 Natural ochre
Laga24 Natural ochre
Laga25 Natural ochre
Laga25 Natural ochre
Laga25 Natural ochre
Laga26 Natural ochre
Laga26 Natural ochre
Laga26 Natural ochre
Laga27 Natural ochre
Laga27 Natural ochre
Laga27 Natural ochre
Laga28 Natural ochre
Laga28 Natural ochre
Laga28 Natural ochre
Laga29 Natural ochre
Laga29 Natural ochre
Laga29 Natural ochre

3595 0,0908 1231 2291 02741 2727 593 <19 97 68 38 822 25 <77
742 5011 1,123 0,1462 001928 7,117 77 <1/ 882 34 1845 523 754 <100
65 4,184 08092 0,149 002033 6334 77 <11 846 34 1698 52 673 1438
67,1 4582 05884 0,1593 00355 6,874 77 <10 827 46 1682 532 663 <&4
505 <0014 1,115 1,672 0125 1194 202 <16 638 34 38 593 26 <82
50,8 0,1029 09687 1917 0,1641 2045 469 <21 394 34 38 67 68 <89
559 <0016 06096 221 <0,0023 21,16 384 <21 959 91 38 535 <24 <86
3225 00307 0,603 4261 04734 3799 900 751 <46 142 38 702 199 <72
31 <0017 04404 4821 01034 2046 709 976 463 68 38 661 267 129
37,24 0,0567 06626 4838 073318 3026 761 106 <42 102 38 704 331 <75
724 0,0735 08662 2,787 <0,0015 7,461 188 191 189 7,2 402 1503 18 <106
712 0,3673 2,086 2,565 000252 7,708 178 254 1783 6,9 418 1342 197 <107
749 0,1279 3,025 2,387 000279 7,506 181 225 166 82 39 1301 11,1 <107
896 <0,015 05607 0,8761 0,02982 9244 100 <13 59 55 40 1321 349 <100
853 <0016 131 17335 004164 1195 163 <16 585 7,9 40 127 307 <102
862 <0014 05045 1051 000356 833 O7 <74 698 34 39 1449 235 <99
76 0,0525 08315 203 001773 6,029 112 109 1361 34 426 1065 188 <108
851 0,0394 1,032 2103 <0,0014 6107 132 502 1543 34 40 124 254 <114
76,8 <0017 04821 204 <0,0013 6046 103 283 1621 34 38 1217 113 <109
545 <0015 03067 2748 <0,0013 5937 191 <13 2127 35 39 1519 214 344
495 <0015 02504 2585 <0,0012 5215 168 126 2182 34 39 1238 227 471
74 0,0252 07561 2,807 <0,0013 6463 173 <13 2323 34 403 1836 383 <109
61,5 :0,0001: 0,5017 0,405 0,00192 10,87 231 888 1433 56 41 617 153 <98
4168 <0,018 05057 1,087 <0,0027 37,31 759 898 67 219 38 652 286 <84
50,0 <0014 02573 2,087 <0,0021 2111 552 864 941 14 38 663 102 <79
359 02149 07582 4287 <0,0020 1884 620 <21 1397 39 37 574 244 1218
395 0,0686 0438 3523 <0,0024 2765 429 313 1073 266 38 551 309 109
421 00709 04086 3601 <0,0027 229 450 <22 1076 295 452 607 397 100
3494 0,1204 6295 1285 00486 3342 897 140 52 391 38 5605 17,1 590
2631 01741 14,49 1,334 00319 4567 1104 137 362 40,8 38 3358 228 206
2823 03116 9,815 1,162 <0,0035 5969 2966 135 37,9 816 38 2092 85 <70
70,4 <0013 0,0968 0,423 <0,0017 1102 77 <14 806 61 38 656 66 <95
747 <0015 03917 0,3942 <0,0019 17.82 77 <19 529 42 38 529 149 <9f
723 <0014 01019 04259 <0,0019 1533 77 <16 692 7.8 40 627 195 <95
91,1 00309 1,805 1415 <0,0015 8725 109 <714 829 8 40 666 64 <93
976 <0016 02695 1212 <0,0012 532 77 <11 1232 46 38 583 32 <104
864 0,1134 9616 2105 <0,0013 7,125 96 <11 981 42 41 759 124 <106
646 <0015 03093 2,629 <0,0018 1276 272 394 154 66 38 981 196 <93
533 0,04 03209 2,86 <0,0018 1156 252 <16 1498 7.4 415 1031 356 2104
64,1 <0017 02743 2936 002676 5596 156 284 2212 41 38 1233 336 <103
60,7 <0015 1541 1,155 <0,0018 14,28 406 429 994 58 38 743 62 <81
493 <0015 06407 08383 <0,0023 2529 1042 732 613 138 38 631 91 <77
557 0,1181 5713 1733 <0,0019 1928 635 727 118 102 38 818 15 <92
466 <0017 06 1099 000725 243 666 155 791 7 38 607 156 <88
527 <0017 05982 2,242 000652 1057 251 402 1844 58 38 1143 211 266
52,6 0,0878 06367 1787 <0,0020 1792 452 948 129 128 38 861 101 <88
701 <0017 06192 2,896 0,151 6126 237 <14 1159 34 399 2106 37 <112
706 <0017 05516 2,965 004707 629 171 224 1907 34 409 2028 391 <110
89 <0016 04311 271 <00011 4925 150 <12 2236 36 38 1775 217 <107
60,3 <0017 04789 2,984 008814 5928 204 277 1667 34 38 1998 309 149
646 <0015 07063 2305 <0,0012 5065 117 <11 2015 34 39 1479 202 1452
621 <0016 04927 2729 009116 5324 178 143 1614 34 404 1801 303 <104
2991 0,1404 08461 05543 <0,0033 457 939 102 338 303 38 748 34 1195
4132 01814 1,181 1013 <0,0033 4428 887 948 401 277 38 1066 75 <74
4881 05672 2,508 164 00426 2885 976 156 544 349 40 1318 11 <72
724 0,097 09462 2642 <0,0012 516 167 <12 2163 34 39 1669 363 <111
721 0,1325 1212 2694 <0,0012 5125 160 29 2351 5 38 1845 271 <114
69,6 00773 08288 2,66 <0,0012 5126 128 162 2333 34 395 195 333 <106
623 <0016 04535 3,121 002077 7,985 212 382 1961 69 38 1593 185 136
634 <0017 03002 3244 <0,0012 5772 180 24 2512 42 38 1423 31 1716
613 <0016 03168 3,079 <0,0013 6571 208 <13 2244 43 38 1614 17 2011
61 0,0954 1507 2255 001646 1814 335 2 1001 34 424 766 146 <92
608 0,1132 1634 2229 003312 1749 280 <19 898 83 41 736 152 <91
5203 0,0316 06041 15876 00433 3171 478 313 594 16 42 704 235 <87
74 <0017 07717 2,164 <0,0014 6748 127 393 1754 34 39 1241 97 <108
77 <0015 06075 1713 <0,0012 5177 113 <12 1391 37 38 1015 89 <111
80,7 0,021 06694 1582 002183 5125 78 194 1365 34 413 115 25 <107

W RN = WMN = W =2 W =2 W =2 W =S W= W = WO =2 W = RN = W = W =2 W = W =2 W= W= WD = W = W= W= W= W

Figures in italics indicate concentrations below the limit of detection. Num: number; raw mat: raw material;
SFG: soft fine-grained; BFG: banded fine-grained; HFG: hard fine-grained; CG: coarse-grained; FS:
ferruginous sandstone; PFG: platy fine-grained.
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S5 Supplementary Table 2. Detailed results of SEM-EDS analyses conducted on ochre pieces from
Porc-Epic Cave.

Description of analysed item

Semi-quantitative EDS analyses **

Raw Num

Num Length  Width Interpretation***
mat ofan Grain morph conte fange  range >10% 10-3% 3-1% <1%
(um) (um)

17 SFG 3 Irr w 1-2 1 Fe (Si, Ca) (Al, K) (Mg, Cl) Mn (P, Ti, S, Na) Iron ox (+ clay min + silicate)

17 SFG 2 Plat G 3-4 2-3 (Fe) Si Al, Ca K, Mg (Cl) P, S (Ti) Na Clay min (+ iron ox)

17 SFG 2 Irr DG  Submicr Submicr Si (Fe) - (Ca, K, Al) (Mg, CI, S, P, Na) Silicate (+ iron ox + clay min)

17 SFG 3 - w/DG - - Fe, Si Ca K Al Mg (CI) Ti, S, Na, P Mixture of iron ox and alum
205 SFG 3 Irriagg! w 1-3  submicr-1 Fe (Si, Ca, 8, Al) (K) (Cl, Mg, P, Ti) Iron ox (+ clay min)

295 SFG 1 Irr G 6 5 (Fe) Si (Al) (K, Ca, CI, Mg) (Ti, S, P) Silicate (+ iron ox)

295 SFG 3 Irr/subcirc G 4-11 2-11 Ca, S (Fe) - (Si, Al) (P, K, Cl, Mg, Na) Calcium sulph (+ iron ox + clay min)
295 SFG 3 - GG - - Fe Si, Al, Ca (C) K, S, Na Mg, P, Ti, Na Mixture of iron ox and alum
538 SFG 1 Plat LG  Submicr Submicr Fe (Si) (Al, Ca) (K, CI, Ti, Mg, P) Iron ox (+ clay min)

538 SFG 3 Irrfang WILG 4-8 1-7 Fe (Si, Al) (Ca) (K, Cl, Mg, Ti, Na, S) Iron ox (+ clay min)

538 SFG 1 Irr LG 29,92 21,64 Si (Fe) (Al) (Ca) (K, CI Mg, Ti, Na) Silicate (+ iron ox)

538 SFG 1 Aggl G Submicr Submicr Si, Al Fe, Na, K Ca (Cly Mg Clay min (+ iron ox)

538 SFG 1 Plat G 2824 1284 si, Al Fe, K ca(cl) Mg (Ti) Na Mica (+ iron ox)

538 SFG 1 Subcirc w 1,84 1,81 Ni (Fe) P) (Si, Al) (Ca, CI, K, Ti, Mg) Undet Ni-rich particle (+ iron ox)
538 SFG 4 - W/G - - Fe (Si) (Al) (Ca, K, Ci) (Mg, Ti, Na, P, S) Mixture of iron ox and alum
913 SFG 2 Irr w Submicr  Submicr Fe (Si, Ca, CI) (Al, K) (P, Mg) Mn (Ti, S) Iron ox (+ clay min + silicate)
913 SFG 2 Irrfaggl w 4-11 4-10 Fe (Si) (Cl, Ca, Al) (K) (Mg, P, S, Ti) Mn (Na) Iron ox (+ clay min + carbonates)
913 SFG 1 Plat G 2683 16,67 (Fe)Si  (CI, Ca, Al) K, S) (Mg, Na, P, Ti) Silicate (+ iron ox)
913 SFG 1 Aggl LG 8,07 5,93 (Fe) Si (Cl) Ca, Al K Mg, Ti, P Silicate (+ iron ox)
913 SFG 1 Irr LG 19,36 894 Si (Fe) Al, Ca (Cl) K, Mg (Ti, P)Na Mica (+ iron ox)
913 SFG 1 Ang G 129 11,41 Si, Al (Fe) Na, Ca K (Cl) Ti, Mg, P Na-rich feldspar (+ iron ox)
913 SFG 4 - G - - Fe, Si (Cl) Ca, Al K Mg, P, S. Ti, Na Mixture of iron ox and alum
918 SFG 2 Irr/subcirc W Submicr-1Submicr-1 Fe (Si, Al (Cl, Ca, P, K) (Mg, Ti, S) Iron ox (+ silicate)
919 SFG 3 Irr DG 7-8 3-5 (Fe) Si (Al) (Ca, CI, P) (K, Mg, Ti, Na, S) Silicate (+ iron ox)
919 SFG 1 Aggl W Submicr Submicr Ba(Fe) S (Si, Al, Ca) (Cl, K, P, Na, Mg) Ba sulph (+ iron ox + alum)
919 SFG 1 Ang G 27,65 6,92 (Fe)Ca, S (Si) (Al, Cl, P, K) (Mg) Calcium sulph (+ iron ox)
919 SFG 3 - GAG - - Fe, Si Al, Ca (C]) P. K Mg, Ti Mixture of iron ox and alum
919 SFG 1 - w - - (Fe) Ba (Si, Al) (Cl) S (Ca, P) (Ti, K, Mg, Na) Mixture of Ba sulph, iron ox and alum
930 SFG 2 Irr w 23 1-2 Fe(Si) (Al Ca,Cl) (K) (Mg, P, Ti, Na) Iron ox (+ clay min)
930 SFG 1 Aggl w 7,05 538 (Si)Fe  (Ca, Al Cl) K) (Mg, P, Na) Iron ox (+ alum)
930 SFG 1 Acic w 4 08 Fe (Si, Ca, Al) (Cl, K) (Mg, P, Ti) Iron ox (+ clay min)
930 SFG 2 IrrfAggl G/DG  Submicr Submicr Si(Fe) Al, Ca, K chpP Mg, Ti Clay min (+ iron ox)
930 SFG 1 Irr DG 27,15 11,85 Si(Fe) Al K, Ca (CIy P, Mg, Na, S K-rich feldspar (+ clay min)
930 SFG 2 - LG/DG - - Fe, Si Al, Ci (Ca) K Mg, P, Ti, Na Mixture of fron ox and alum
987 SFG 1 Aggl LG  Submicr Submicr Fe (Si) = 3a, Al, Ca) Mn (C (K, S, Mg, P) Iron ox (+ silicate + Ba sulph)
987 SFG 1 Ang w 8,28 536 Fe (Si) - Al Ba)Mn (Ca, C (K, Mg, S, P, Na) Iron ox (+ silicate)
987 SFG 3 Anglplat DG/B  6-37 3-14 (Fe) Si - (Al, Ba, Ca) (ClLK, S, Mg, P) Silicate (+ iron ox + Ba sulph)
987 SFG 2 Tab w 7-10 5-10 Ba (Fe) S (Si) Ca, Al (Cl, K, Mn, Na, Mg) Ba sulph (+ iron ox + clay min)
987 SFG 3 - wW/DG - - Fe, Si, Ba - Ca, Al, S (Cl) Mn K, P, Mg, Na Mixture of iron ox, alum and Ba sulph
994 SFG 4 Plat’aggl W/LG Submicr Submicr Fe (Si) (Al) (K, Ca) (Cl, Mg, Na, Ti, P, 5) Iron ox (+ clay min + silicate)
994 SFG 5 Irr w 24 1-2 Fe (Si) (Al) (Ca, K) (Cl, Mg, Na, P, Ti, S) Iron ox (+ clay min)
994 SFG 1 Irr DG Submicr Submicr (Fe) Si Al K, Ca (Cly Mg, P Clay min (+ iron ox)
994 SFG 1 Plat LG 2 2 (Fe) Si Al K, Ca (Cl) Mg, P Clay min (+ iron ox)
994 SFG 1 Plat LG 16,32 9,39 (Fe) Si Al K, Ca (CI) Mg, Na, P K-rich mica (+ iron ox)
994 SFG 4 - W/G - - Fe, Si Al K Ca Mg, (Cl), Ti, Na, P, S Mixture of iron ox and alum
1635 SFG 5 Irrfaggl WIG 1-4 1-2 Fe (Ca, Si) (Cl) Mn (Al, 8) (K, Mg, P, Ti, Na) Iron ox (+ clay min + calcium sulph)
1635 SFG 1 Irr LG 20,96 10,62 Fe - {Ca, Si)Mn (Cl) (Al S, K, Mg, Ti, P) Iron ox (+ clay min)
1635 SFG 2 Aggl GILG 2 2 (Fe) Si, Ca Al (CHK, P Mg, Na (Mn) Ti, S Clay min (+ iron ox)
1635 SFG 1 Irr LG 477 41 (Fe) Si (Ca) (CI, Al, Ba, Mn) (K, 8, Mg, P) Silicate (+ iron ox)
1635 SFG 3 Aggl WIG 34 23 (Fe)Ca, S - (Si, CI) (Al, P, Mn, K, Mg, Na, Ti) Calcium sulph (+ iron ox)
1635 SFG 3 - W/G - - Fe Ca, Si (Cl) Al Mn K, P, Mg, S, Na, Ti Mixture of iron ox and alum
1914 SFG 1 Aggl W 1,82 1,01 Fe (Ba, Si, Ca) (S, Al CIK) (Mg, P, Na) Iron ox (+ Ba sulph + clay min)
1914 SFG 2 Aggl G 5 34 Fe (Ca, Si, 8, ClI) (Al, K, Ba) (Mg, Ti, P, Na) Iron ox (+ Ba sulph + clay min)
1914 SFG 3 Irr G 2-4 24 (Fe) Si (Al, Ca) (CI, K, Mg) (Ti, S, Na, P) Silicate (+ clay min)
1914 SFG 3 Plat/aggl w 14 14 Ba(Fe) S (Si Ca) (Al, CI) (K, Na, Mg, P, Mn) Ba sulph
1914 SFG 3 - G - - Fe, Si Ca (Cl) Al K Mg, S, P, Ti, Na, Mn Mixture of iron ox and alum
1914 SFG 1 - w - - Fe, Si Ba, Ca (Cl) Al S K Ti, Mg, P, Na Mixture of Ba sulph, iron ox and alum
1927 SFG 2 Aggl w 2 2 Fe (Si) (Al, Ca, Cl) (K, Ti) Mn (Mg, S, Na, P) Iron ox (+ clay min)
1927 SFG 3 Irrfaggl WIG 5-8 4-8 Fe (Ca, Si, Al Cl) K, P) (Mg, S, Ti, Na) Iron ox (+ alum + clay min)
1927 SFG 3 Aggl G 34 2-3 Ca (Fe, CI) (Si) (Al) (K, Mg, P, S, Na, Mn, Ti) Carbonate (+ iron ox + clay min)
1927 SFG 3 - WG - - Fe Si, Ca (CI) Al K Mg, Mn, P, Ti, S, Na Mixture of iron ox and alum
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306 BFG 2 Irrfplat W Submicr Submicr Fe (Si) (Al CI) (Ca, K, Mg) Mn (P, Ti, S) fron ox (+ clay min)

306 BFG 1 Tab w 2285 8,52 Fe (Si, Al, CI) (Ca, K) (Mg, P, Ti) Iron ox (+ clay min)}

306 BFG 1 Irr/plat G Submicr  Submicr (Fe) Si Al (Cl) Ca, K, Mg Mn, P, Ti, S Clay min (+ iron ox)

306 BFG 2 - GILG - - Fe Si, Al (C) Ca, Mg K Mn Ti.P, § Mixture of iron ox and alum
521 BFG 2 Aggl WILG Submicr Submicr Fe - (Si, Ca) n(Al, ClL K, Mg, P, Ti, 8, M fron ox (+ clay min)

521 BFG 4 Irr w 1-3 1-2 Fe (Si, Ca) (Al CI, K) (Mg, P, Ti) Mn (S) Iron ox (+ clay min)

521 BFG 1 Plat G Submicr  Submicr (Fe) Si Al Ca (Cl) K, Mg, Ti, P Clay min (+ iron ox)

521 BFG 1 Plat DG Submicr Submicr (Fe) Si (Ca) (Cl, K, Aly (Mn, P, Ti, Mg, S) Silicate (+ iron ox + clay min)
521 BFG 2 Subcirc G 12  Submicr-1  (Fe) Si (Al, Ca) (K, Cl) (Mg, P, Na, S) Silicate (+ iron ox + alum)
521 BFG 2 Plat LG 9-17 7-8 (Fe)P Ca (Si, Cl) (Al K) (Mg, Ti, Na, S) Calcium phosphate (+ iron ox)
521 BFG 1 Irr DG 16,16 1295 (Fe)Ca(Cl (Si) (ALK 8) (P, Ti, Mg, Na) Carbonate (+ iron ox + alum)
521 BFG 3 - W/G - Fe Si, Ca (Ch Al K. Mg. P, S, Mn, Ti, Na Mixture of iron ox and alum
102 HFG 2 Irr W Submicr Submicr Fe (Si) (Al) Mn (Ca, K, Mg, CI, Ti, P) Iron ox (+ clay min}

102 HFG 5 Irr w 47 2.4 Fe (Si) (Al) (K, Mg) {Ca) Mn (CI, Ti, P) Iron ox (+ clay min)

102 HFG 1 Irr G 15 10 Si (Fe) (Al) (K, Ca, Mg, CI) Silicate (+ iron ox)

102 HFG § Ang/plat GG  18-80 8-21 Si (Fe) - Al K, Ca, Cl, Mg Mica (+ iron ox)

102 HFG 2 - LG/G - - Fe Si Al K, Ca (Ci) Mn, Mg, Ti, S, P Mixture of iron ox and alum
1419 HFG 2 Irr G 2-3 1 Fe (Si) (Al) (K, Ca) (Mg) Mn (CI, Ti, P) Iron ox (+ clay min)
1419 HFG & Plat w 4-5 1-3 Fe (Si) (A1) Ca, Mg) Mn (CI, Ti, Na, P Iron ox (+ clay min)
1419 HFG 1 Ang G 8 6,40 Si(Fe) - (AlL K) {Mg, Ca, CI, P) Silicate (+ iron ox)

1419 HFG 1 - w - - Fe Si, Al - , Mg, Mn, Ca (C) Ti, Na, i Mixture of iron ox and alum
1419 HFG 1 - G - - Fe Si, Al K Ca, Mg, Mn (CI) Ti, P, Na Mixture of iron ox and alum
1419 HFG 1 - DG - - Fe Si, Al K Mg, Ca, Mn (CI) Ti, P, Na Mixture of iron ox and alum
1752 HFG 2 Aggl W Submicr Submicr Fe (Si) (Al, Ca) (K, Cl, Mg, P, Ti, Na) Iron ox (+ clay min)
1752 HFG 2 Plat w 7 56 Fe (Si) (Al) (K, Ca, Mg, CI) (Ti, P, Na) fron ox (+ clay min)
1752 HFG 1 Aggl DG Submicr Submicr Si (Fe) Ca, Al K, P (Cl) Mg Ti, S, Na Clay min (+ iron ox)
1752 HFG 2 Aggl G 7-14 59 Si (Fe) (Al) (Ca, K, Cl) (Mg, P, Ti, Na) Silicate (+ iron ox)

1752 HFG 1 - LG 18,72 0,74 (Si) (Fe, AlLK, Ca) (Cl, Mg) (Ti, P) Fibrous material (contamination )
1752 HFG 4 - w - - Si, Fe Al Ca K(Cl) Mg Ti, P, Na Mixture of iron ox and alum
1510 CG 7 Aggl /Subcirc W/LG Submicr Submicr Fe (Si, Al) (Ca, Cl) (S, K. Ti, Mg, P) Mn Iron ox (+ silicate)

1510 CG 1 Plat w 15,06 10,24 Fe (Si) (Al, Ca) (CIL K, S, Ti, Mg) Iron ox + (silicate)

1510 CG 1 Subcirc DG 2885 20,88 Si (Fe) (A1) (Ca) (K, Cl, Mg, ) Silicate (+ iron ox)

1510 CG 2 Plat LG 16-17 5-11 (Fe) Ca, S (Si) (Al) (Cl, K, Ti, Mg, Mn, P) Calcium sulph (+ iron ox + silicate)
1510 CG 3 - W/DG - - Fe, Si Al Ca (Ci) S, K, Mg, Ti, P Mixture of iron ox and silicates
1628 CG 2 Plat w 1-2 1 Fe (Si) (Al) (Ca, K, S, Mg, Ti, Na, P) Iron ox (+ silicate)

1628 CG 2 Plat G 2 12 Si (Fe)Al, Ca K(Cl) Mg Na, Ti,P Clay min (+ iron ox + silicate)
1628 CG 2 Subcire G 23-1126 16-169 Si (Fe, Al) (K, Ca. Mg, CI) (Ti, Na) Silicate (+ iron ox + clay min)
1628 CG 1 Plat G 17.41 11,58 Si, Al Ca, Na (Fe) K (Cl) Mg Ca-rich feldspar (+ iron ox + silicate)
1628 CG 1 - G - - Si - (Fe, Al) (K, Ca, Cl, Mg) Silicate

1628 CG 3 - WILG - - Si, Fe (Al) (Ca, CI, K) (Mg, Ti, Na, P, S) Mixture of iron ox and silicates
101 FS 2 Aggl W Submicr Submicr Fe (Si) (Ca) (Cl, Al (K) Mn (Mg, Na, P) Iron ox (+ clay min + silicate)
101 FS 3 Irr/plat w 34 13 Fe (Si) (Ca) (Cl, Al) Mn (Mg, K, Ti, P) Iron ox (+ clay min)

101 FS 3 Irr/plat G 38-52 18-38 Si (Fe) - (Al, Ca, Cl) (K, Na, Mg) Silicate (+ iron ox + clay min)
101 FS 2 Tab G 10 7-8 Si (Fe) - (Al, Ca, CI) (K, Mg, P) Silicate (+ iron ox + clay min)
101 FS 2 - w/DG - - Fe, Si - Ca (CI) Al K, Mg, Mn, Na, P, Ti, S Mixture of iron ox and silicates
973 FS 3 Plat w 1-3 1 Fe (81, Ca) (Al, CI, K) (Mg, Ti, S, Na, P) Iron ox (+ silicate)

973 FS 2 Aggl w 89 1-3 Fe (Si) - (Ca, Al) (Cl, K, S, Ti, Mg, P) Iron ox (+ silicate)

973 FS 1 Aggl LG  Submicr Submicr Si Ca, Fe (Cl) ALK Mg, Ti,Na, S Clay min (+ iron ox)

973 FS 3 Irrfang G 8-38 5-24 Si (Fe) (Ca, Al) (CI, S, Mg, K, Na) Silicate (+ iron ox)

973 FS 1 Ang LG 14,03 9,54 Ca, S (Fe, Si) (Al) (Cl, K, Mg, P, Na) Calcium sulph (+ iron ox + silicate)
973 FS 2 - w/G - Fe, Si Al Ca (Ch K S, Mg, P, Ti, Na Mixture of iron ox and silicates/alum
436 PFG 2 Plat W 2 Submicr Fe (8i) - (Ca, Cl, Al S, Mg, P, K) Iron ox (+ silicate)

436 PFG 2 Plat WILG  23-34 20 Fe (Si) (Ca, CI, Al) (K, S, Mg, P) Iron ox (+ clay min)

436 PFG 2 Aggl G 1-3 12 Si (Fe) Ca (C) Al - K, Mg, S Clay min (+ iron ox)

436 PFG 2 Irr DG 23 1-2 Si (Fe) - (Ca, Al, CI, Mg) Silicate (+ iron ox)

436 PFG 2 - G - - Fe Si Ca (Ci) Al S, K Mg T, P Mixture of iron ox and clay min
1812 PFG 3 Irrfaggl G Submicr  Submicr Fe (Si) (Al, Ca) (Mg, K, CI, 8, Ti, Ba, P) Iron ox (+ clay min)
1812 PFG 4 Plat/tab WIG 4578 11-48 Fe (Si) (Al, Ca) Mg, K, CI, S, Ti, P, Ba, Na Iron ox (+ clay min)
1812 PFG 1 Acic LG 32,67 1,59 Fe (Si) (Al, Ca, Mg) (K, S, Cl, P, Ti, Na) fron ox (+ clay min)
1812 PFG 2 Tab w 11-18 2-4 Ba (Fe) s (Si) (Al, Ca, Na, K, Mg) Ba sulph (+ iron ox)
1812 PFG 3 - wWiG - - Fe Si Al Ca Mg, K, S (Cl) Ti, P, Na Mixture of iron ox and alum

Num: number; raw mat; raw material; an: analyses; morph: morphology; cont: contrast; EDS: energy dispersive X-ray spectroscopy;
SFG: soft fine-grained; BFG: banded fine-grained; HFG: hard fine-grained; CG: coarse-grained; FS: ferruginous sandstone; PFG:
platy fine-grained; irr: irregular; plat: platy; aggl: agglomerate; subcirc: subcircular; acic: acicular; tab: tabular; clay min: clay mineral;
W: white; G: grey; DG: dark grey; LG: light grey; submicr: submicrometric; ox: oxide; min: mineral; sulph: sulphate.

* BSE cont. refers to the contrast observed on backscattered electron images.
** Elements in brackets play no role in the mineralogical composition of the analysed items, elements in bold are present in a
proportion equal to or greater than 40%.
*** Text in brackets indicates the interpretation of detected elements surrounding the analysed area.
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S5 Supplementary Figure 1. SEM images of ochre pieces from Porc-Epic Cave.

All figures are in backscattered electron (BSE) mode. a: ochre piece PE17, SFG; b: ochre piece PE295,
SFG; c: ochre piece PE538, SFG; d: ochre piece PE913, SFG; e: ochre piece PE919, SFG; f: ochre piece
PE930, SFG; g: ochre piece PE987, SFG; h: ochre piece PE994, SFG; i: ochre piece PE1635, SFG; j: ochre
piece PE1914, SFG; k: ochre piece PE1927, SFG; 1: ochre piece PE306, BFG; m: ochre piece PE521, BFG;
n: ochre piece PE102, HFG; o: ochre piece PE1419, HFG; p: ochre piece PE1752, HFG; q: ochre piece
PE1510, CG; r: ochre piece PE1628, CG; s: ochre piece PE101, FS; t: ochre piece PE973, FS; u: ochre
piece PE436, PFG; v: ochre piece PE1812, PFG. Scales = 50 um.
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Elemental composition and texture by raw materials

Pieces attributed to HFG (Fig. 4n-p; Table 2; S5 Supplementary Fig. In-p; S5
Supplementary Table 2) show a matrix rich in small Fe particles (submicrometric to 7 pm
in length) containing few larger agglomerates or irregular grains (7-14 um in length) rich
in Si and submicrometric grains rich in Si, Al and Ca, that were interpreted as silicates
and clay minerals respectively.

PFG ochre pieces (Fig. 4u,v; Table 2, S5 Supplementary Fig. 1u,v; S5 Supplementary
Table 2) are mostly composed of particles with a very high proportion of Fe. These
particles, interpreted as iron oxides, mainly come in three shapes: (1) platy particles, the
most frequent, variable in size (2-78 um in length); (2) large acicular particles (32 um in
length); (3) agglomerates of irregular submicrometric particles. Other less frequent
compounds found in the Fe-rich matrix include: agglomerates of small (1-3 um in length)
Si, Al and Ca-rich grains interpreted as clay minerals, small (1-2 um in length) irregular
grains rich in Si interpreted as silicates, and tabular grains (11-18) rich in Ba and S
interpreted as Ba sulphates.

CG ochre pieces (Fig. 4q,r; Table 2, S5 Supplementary Fig. 1q,r; S5 Supplementary
Table 2) are characterised by large particles different in morphology and composition: (1)
subcircular grains rich in Si (23-1126 pm in length), (2) platy particles rich in Si, Al, Ca
(17 pm in length), and (3) platy particles (16-17 um in length) rich in Ca and S. We
interpret them as silicates, feldspars and calcium sulphates respectively. Smaller platy
grains (2 pum in length) rich in Si, Al and Ca, are interpreted as clay minerals. Fe-rich
grains, interpreted as iron oxides, appearing in the form of agglomerates of
submicrometric grains and larger platy particles (1-15 um in length), were also identified.
FS ochre pieces (Fig. 4s,t; Table 2, S5 Supplementary Fig. 1s,t; S5 Supplementary Table
2) feature irregular, angular and platy grains of variable size (8-30 um in length), rich in
Si, interpreted as silicates. These grains are surrounded by agglomerates of Fe-rich
particles of variable size (submicrometric to 9 um in length) featuring in some cases a
platy morphology. Other identified particles include submicrometric agglomerates of
particles rich in Si, Ca, Fe and Al interpreted as clay minerals and, more rarely, angular
grains (14 um in length) rich in Ca and S, interpreted as calcium sulphates.

The analysis of SFG pieces (Fig. 4a-k; Table 2, S5 Supplementary Fig. la-k; S5
Supplementary Table 2) revealed that this raw material, which appears homogeneous

macroscopically, is in fact the most heterogeneous in composition and texture. Distinctive
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features are agglomerates of small particles of iron oxides (submicrometric to 4 pm),
mostly irregular in shape but also including platy, and more rarely, acicular morphologies.
Many pieces also feature agglomerates of larger iron oxide particles (5 to 30 um in
length), irregular or angular in shape. These agglomerates are often embedded in or
surrounded by other particles. Among these particles, those composed of Si are the most
frequent. They generally appear in the form of irregular and more rarely platy or angular
particles of variable size (submicrometric to 37 pm). Agglomerates of small platy and
irregular grains rich in Si and Al interpreted as clay minerals, are also detected. Other
less frequent components include platy or irregular particles rich in Al and K with a length
ranging from 16 to 28 um, interpreted as micas. A few pieces are rich in irregular or
angular grains (12-27 um in length), mostly composed of Si, Al, K, interpreted as
feldspars. Agglomerates of Ca sulphates (3-27 um in length) in the form of small grains
or larger angular grains, and Ba sulphates (submicrometric to 10 um in length) were also
identified. A single specimen (ochre piece PE538) shows the presence of an undetermined
Ni-rich particle, interpreted as contamination.

BFG pieces (Fig. 41,m; Table 2, S5 Supplementary Fig. 11,m; S5 Supplementary Table
2) fall into the compositional and textural variability of SFG pieces. The main difference
lies in a macroscopic feature: BFG pieces show layers of different colours. BFG also lacks
micas, feldspars and sulphates. Such a difference, however, could be attributed to the few
pieces of BFG analysed. As already mentioned for SFG, this raw material is characterised
by the presence of iron oxides in the form of agglomerates of submicrometric grains,
small (1-2 pm in length) irregular grains or larger (22 um in length) tabular particles.
Submicrometric agglomerates of grains interpreted as clay minerals, rich in Si, Al, Ca,
and small platy and subcircular (submicrometric to 2 um in length) silicates are also
identified. On a single piece, large grains (9-16 pm) rich in Ca, P and Ca respectively are

interpreted as Ca phosphates and carbonates.
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S6 — Ochre pieces: mineralogical data

S6 Supplementary Table 1. Results of XRD and p-XRD analyses on Porc-Epic Cave's ochre pieces

and natural samples from the surrounding area.

Num Raw mat I;'zle‘ ab an cal gp gth hem kin mgh mnt ms gqz sa
37 SFG u-XRD . . . . . . .
282 SFG p-XRD . . . . .
304 SFG u-XRD . . . . . .
334 SFG p-XRD . . . . . . .
363 SFG u-XRD . . .
386 SFG p-XRD . . . . .
392 SFG U-XRD . . . . .
615 SFG XRD . . . . .
710 SFG XRD . . . . .
994 SFG XRD . . . .
1277 SFG XRD . .
1635 SFG XRD . . . . . .
1981 SFG XRD . . .
177 BFG p-XRD . . . . . . . .
934 BFG XRD . . . .
857 HFG p-XRD . .
512 CG p-XRD . . . . .
1510 CG XRD . . . . .
1628 CG XRD . .
366 FS p-XRD . . . .
1679 FS XRD . . .
436 PFG XRD . . .
1812 PFG XRD . . . . .
Geol  Natural ochre p-XRD . . . . . . . .
Geo2  Natural ochre p-XRD . . . .
Geo3  Natural ochre p-XRD . . . . .
Geo4  Natural ochre p-XRD . . . . .
Geo5  Natural ochre p-XRD . . . .
Geo6  Natural ochre p-XRD . . . .

Num: number; mat: material; type of an: type of analysis; SFG: soft fine-grained; BFG: banded fine-
grained; HFG: hard fine-grained; CG: coarse-grained; FS: ferruginous sandstone; PFG: platy fine-grained;
XRD: X-ray diffraction; pu-XRD: micro-X-ray diffraction. Abbreviations of minerals are based on the

nomenclature suggested by

116
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S6 Supplementary Figure 1. Representative X-ray diffractograms obtained from the analysis of Porc-
Epic Cave ochre pieces.
a: ochre piece PE615; b: ochre piece PE710; c: ochre piece PE994; d: ochre piece PE1635.
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S6 Supplementary Table 2. Summarised results of p-Raman analyses conducted on Porc-Epic Cave's
ochre pieces.

Raw
mat

ab

an

brt

cal

fluo

gth

gp

hp

hem

ilm

kin

lep

mag

man

mc

mnt

ms

nt

phi

qz

un Mn
oXx

SFG

SFG

SFG

133

SFG

295

SFG

381

SFG

538

SFG

610

SFG

615

SFG

710

SFG

725

SFG

726

SFG

737

SFG

913

SFG

918

SFG

930

SFG

987

SFG

994

SFG

1087

SFG

1277

SFG

1427

SFG

1481

SFG

1491

SFG

1493

SFG

1526

SFG

1552

SFG

1566

SFG

1626

SFG

1635

SFG

1637

SFG

1677

SFG

1699

SFG

1737

SFG

1780

SFG

1845

SFG

1862

SFG

1914

SFG

1927

SFG

1942

SFG

1981

SFG

2023

SFG

2063

SFG

2067

SFG

2069

SFG

2091

SFG

2159

SFG

306

BFG

521

BFG
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901 | BFG . .

1499 | BFG . . . . .
1700 BFG| - . . .

1806 | BFG . . . .
2104 | BFG . . .

102 | HFG . . . .
1419| HFG . .
1485| HFG| - - . .
1585 | HFG . .

1734 | HFG .
1752| HFG .
2017 | HFG - .
2047 | HFG .
2282 | HFG . o | . .
2375 | HFG .

32 CG - . . . .
809 | CG . . .
1510| CG | - . . . . . .
1580| CG . * . .
1628 CG L . - . .
1666 | CG . . . .
101 | FS . . . . .
385 | FS . . . .
965 | FS . .
973 | FS . . .
1577| FS . . .
1679 FS | = | - . . . .
436 | PFG . . . .
1281| PFG . . . .

1603 | PFG .
1812| PFG . . . .
1985| PFG . .

N: number; mat: material; un: undetermined; ox: oxide; C: Carbon. Abbreviations of minerals are based on
the nomenclature suggested by !¢, except for hp (hydroxyapatite); fluorapatite (fluo), lepidocrocite (lep),
manganite (man) and natrojarosite (nt); SFG: soft fine-grained; BFG: banded fine-grained; HFG: hard fine-
grained; CG: coarse-grained; FS: ferruginous sandstone; PFG: platy fine-grained.

35



S6 Supplementary Table 3. Detailed results of p-Raman analyses conducted on Porc-Epic Cave's

ochre pieces.

Num Raw  Num Morph Grain Identified compounds*
mat _ofan colour
9 SFG 1 Aggl B hem (lep)
9 SFG 1 Aggl B hem (cal)
9 SFG 1 Irr R hem (ms)
9 SFG 1 Sub Y gth (hem)
9 SFG 1 Ang T gz (cal, hem, ms)
17  SFG 1 Aggl R hem
17  SFG 1 Irr R hem (an, gth)
17 SFG 2 Aggl R/DR hem (gp)
17 SFG 1 Aggl B hem (an, gz)
17  SFG 3 Ang/irr T gz (hem)
17  SFG 1 Aggl W gz (hem)
51 SFG 1 Aggl B hem
51 SFG 2 Aggl W brt
133 SFG 4 Aggl R/DR hem
133  SFG 1 Sub B hem (kIn)
295 SFG 1 Aggl R/DR hem
295 SFG 1 Aggl DR hem
295 SFG 1 Aggl DR hem (gz)
381 SFG 3 Aggl R/DR hem
381 SFG 1 Aggl DR hem (gz, lep)
538 SFG 3 Aggl DR hem
538 SFG 1 Irr B hem (gth, ilm, man, gz)
538 SFG 1 Tab Y hem (ms)
610 SFG 4 Aggl R/DR hem
610 SFG 1 Aggl DR hem (gp)
615 SFG 3 Aggl R hem
615 SFG 2 Ang DR/B hem
615 SFG 1 Aggl DR hem
615 SFG 1 Ang B C (hem)
710 SFG 2 Aggl/sub R hem
710 SFG 1 Sub B hem
710 SFG 1 Aggl G gth
710 SFG 1 Aggl Y gth
710 SFG 1 Aggl B gth (mc)
7256 SFG 3 Aggl DR hem
725 SFG 1 Ang B hem
726 SFG 1 Aggl R hem
726 SFG 2 Aggl DR hem (fluo)
737 SFG 1 Aggl R hem (an)
737 SFG 3 Aggl DG hem (an)
737 SFG 1 Aggl R hem (an, gz)
913 SFG 1 Aggl DR hem
913 SFG 3 Aggl R/DR hem (cal, gp)
913 SFG 1 Sub B hem (cal, gp)
919 SFG 2 Aggl R/DR hem
919 SFG 1 Sub B hem
919 SFG 2 Aggl DR hem (gth)
919 SFG 1 Aggl DR hem (gp)
930 SFG 1 Irr DR hem
930 SFG 2 Ang B gth
930 SFG 5 Aggl Y gth
930 SFG 1 Aggl Y gth (fluo)
930 SFG 2 Aggl Y gth (cal)
930  SFG 1 Plat B ms (gth)
987 SFG 2 Aggl R/DR hem
987 SFG 1 Sub DR hem
994 SFG 1 Sub DR hem
994 SFG 1 Aggl R hem (cal, C)
994 SFG 1 Aggl B gth (9z)
1087 SFG 1 Aggl R hem
1087 SFG 1 Aggl B hem (cal, qz)
1087 SFG 1 Sub B hem (cal, qz)
1087 SFG 1 Sub B hem (ab, lep, ms, qz)
1087 SFG 1 Ang T gz (hem)
1277 SFG 4 Aggl DR hem
1277 SFG 1 Aggl DR hem
1427 SFG 6 Aggl R/DR hem
1427 SFG 1 Aggl R hem (an)
1427 SFG 1 Sub B hem (an)
1427 SFG 2 Aggl R hem (fluo)
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1481 SFG 3 Aggl R hem
1481 SFG 3 Ang/sub B hem
1481 SFG 1 Aggl B hem (fluo)
1481 SFG 1 Aggl B hem (an)
1491 SFG 1 Aggl R hem
1491 SFG 1 Sub B hem
1491 SFG 1 Ang B hem (an, fluo, mnt, C)
1491 SFG 2 Aggl R/B hem (C, ms)
1493 SFG 2 Aggl R hem
1493 SFG 1 Ang DR hem (gz)
1493 SFG 2 Ang/irr B hem (gz)
1526 SFG 1 Sub R hem (gth, ab)
1526 SFG 2 Aggl B/Y hem (gth, qz)
1626 SFG 1 Sub DR hem (gth, qz)
1626 SFG 1 Aggl T brt
1526 SFG 1 Aggl T brt (hem, gth)
15652 SFG 3 Aggl DR hem
1552 SFG 2 Aggl DG hem
1552 SFG 1 Agagl DR hem (und. Mn ox)
1566 SFG 2 Aggl R/B hem
1566 SFG 2 Ang T/B gz (hem)
1626 SFG 2 Aggl DR hem
1626 SFG 4 Aggl R/DR hem (gth)
1626 SFG 1 Aggl R hem (an, gth)
1626 SFG 1 Ang B hem (an, gth)
1626 SFG 1 Aggl R hem (brt)
1626 SFG 1 Aggl R hem (phl)
1635 SFG 1 Aggl B hem
1635 SFG 1 Aggl DR hem (an)
1635 SFG 1 Aggl R hem (ab, qz)
1635 SFG 1 Sub Y gz (an, hem, gp)
1635 SFG 1 Ang DG gz (hem)
1637 SFG 1 Aggl DR hem
1637 SFG 2 Aggl DR hem (ab)
1637 SFG 1 Sub DR hem (ab)
1637 SFG 1 Aggl DR hem (ab, gth)
1677 SFG 4 Aggl R/DR hem
1677 SFG 1 Aggl DG hem
1677 SFG 1 Aggl DR hem (kin)
1677 SFG 1 Aggl DR hem (ab, kin)
1699 SFG 1 Aggl DR hem
1698 SFG 2 Irr/sub B hem
1699 SFG 3 Aggl DR/B hem (an)
1699 SFG 1 Aggl R hem (an, cal)
1698 SFG 1 Ang B gz (ab, hem)
1737 SFG 3 Aggl R hem
1737 SFG 1 Ang B hem
1737 SFG 3 Aggl R hem (gth)
1737 SFG 1 Aggl DR hem (ms)
1780 SFG 1 Aggl DR hem (gth)
1780 SFG 3 Aggl R/DR hem
1780 SFG 2 Ang B hem
1845 SFG 4 Aggl R hem
1845 SFG 1 Aggl R hem (mag)
1845 SFG 1 Aggl R hem (und. Mn ox)
1845 SFG 1 Aggl R hem (hp, qz)
1845 SFG 1 Aggl R hem (gz)
1845 SFG 1 Sub B hem (gz, ms)
1862 SFG 1 Aggl DR hem (fluo)
1862 SFG 1 Sub B hem (an)
1862 SFG 1 Aggl DR hem (cal, gp)
1914 SFG 6 Aggl R/DR hem
1914 SFG 1 Aggl 0 hem
1914 SFG 1 Sub B hem
1914 SFG 1 Aggl DR hem (an)
1914 SFG 1 Aggl B hem (mc)
1927 SFG 2 Aggl R/DR hem
1927 SFG 1 Sub B hem
1927 SFG 1 Aggl R hem (an, mag)
1942 SFG 4 Aggl R/DR hem
1942 SFG 1 Sub B hem
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1981 SFG 4 Aggl R/DR hem
1981 SFG 3 Anglirr B hem
1981 SFG 2 Aggl/sub R hem (gth)
1981 SFG 1 Ang B nt (hem, gth, ms)
1981 SFG 1 Ang B qz (hem, gth)
1981 SFG 1 Irr T gz (hem)
2023 SFG 2 Aggl R/DR hem
2023 SFG 1 Aggl Y gth
2023 SFG 1 Aggl DG gth (an)
2023 SFG 1 Aggl DG gth (ms)
2063 SFG 1 Aggl R hem
2063 SFG 1 Aggl R hem (gth, gp)
2063 SFG 3 Aggl B gth (hem, gp)
2063 SFG 1 Ang B C (hem)
2067 SFG 4 Aggl R /DG hem
2069 SFG 3 Aggl R hem
2069 SFG 1 Sub B hem
2091 SFG 2 Aggl R hem
2091 SFG 1 Sub B hem
2091 SFG 1 Aggl DR hem (gth)
2091 SFG 1 Aggl B gth (qz)
2091 SFG 1 Ang W rt (hem, gth)
2091 SFG 1 Ang B C

2159 SFG 2 Aggl R/DG hem
2159 SFG 1 Aggl DG hem (brt)
2159 SFG 1 Aggl Y gth (hem)
2159 SFG 1 Ang B qz (hem)
2159 SFG 1 Ang W rt (hem)
306 BFG 2 Aggl R hem (gth)
306 BFG 1 Sub DR hem (gth)
306 BFG 1 Aggl Y gth (hem)
306 BFG 3 Aggl Y gth

306  BFG 1 Sub B C

521 BFG 2 Aggl R hem (ms)
521 BFG 1 Ang B gth

521 BFG 2 Aggl Y gth

521  BFG 2 Agal Y gth (hem)
901 BFG 1 Aggl R hem

901 BFG 2 Aggl/sub B gth

901 BFG 1 Agal DG gth

901  BFG 1 Aggl Y gth
1499 BFG 1 Aggl R hem
1498 BFG 1 Aggl DR hem (gth)
1498 BFG 1 Ang B gth
1498 BFG 1 Aggl Y gth
1499 BFG 1 Subcire B gz (hem, gth)
1498 BFG 1 Ang T gz (hem, mag)
1498 BFG 1 Aggl B gz (hem, gth, mag)
1498 BFG 1 Irr B lep
1700 BFG 3 Aggl DR hem
1700 BFG 1 Aggl R hem (ab)
1700 BFG 5 Aggl Y gth
1700 BFG 1 Aggl B gth
1700 BFG 1 Ang B gth (kin)
1806 BFG 2 Aggl R hem
1806 BFG 1 Sub B hem (qz)
1806 BFG 3 Aggl Y gth
1806 BFG 1 Agal B gth
1806 BFG 1 Irr B gth (mag)
1806 BFG 1 Aggl Y gth (mag, hem)
2104 BFG 1 Aggl R hem
2104 BFG 2 Sub B hem
2104 BFG 5 Aggl R/DR hem (gth)
2104 BFG 1 Aggl B hem (gth, qz)
2104 BFG 4 Aggl Y/O gth (hem)
2104 BFG 1 Aggl Y gth (hem, qz)
102 HFG 1 Aggl B hem (fluo)
102 HFG 2 Aggl B gth

102 HFG 1 Agal Y gth

102 HFG 1 Ang T gz (fluo, hem)
1419 HFG 2 Aggl R hem
1419 HFG 1 Sub DR hem
1418 HFG 1 Aggl B hem
1419 HFG 2 Aggl B hem (und. Mn ox)




1485 HFG 2 Aggl R hem
1485 HFG 1 Aggl R hem (gp)
1485 HFG 1 Aggl B hem (ab)
1485 HFG 1 Aggl DG hem (qz)
1585 HFG 1 Aggl R hem
1585 HFG 2 Aggl DG hem
1585 HFG 1 Aggl R hem (gth)
1734 HFG 5 Aggl R/DR hem
1752 HFG 2 Aggl DR hem
1752 HFG 2 Aggl B hem
2017 HFG 4 Aggl DG hem
2017 HFG 1 Aggl R hem (gp)
2047 HFG 3 Aggl R/DG hem
2047 HFG 1 Aggl DG hem
2282 HFG 2 Aggl DG hem
2282 HFG 1 Aggl DG hem (an)
2282 HFG 1 Aggl R hem (gp)
2282 HFG 1 Aggl DG hem (gth)
2375 HFG 4 Aggl DG hem

32 CG 1 Aggl R hem

32 CG 2 Aggl B hem

32 CG 1 Sub B gz (an, gth)
32 CG 1 Aggl Y mc (hem)
809 CG 1 Aggl DG hem

809 CG 1 Sub DG hem (qz)
809 CG 1 Aggl R hem (qz, ms)
809 CG 2 Ang DG qz (hem)
1510 CG 3 Aggl B hem
1510 CG 1 Sub DR hem
15610 CG 1 Aggl B hem (gth, ab)
1510 CG 1 Aggl Y gth
1510 CG 1 Aggl Y gth (cal)
1510 CG 1 Ang B gz (hem, mc)
1510 CG 1 Ang W gz (ms)
1510 CG 1 Aggl W cal (hem)
1580 CG 1 Aggl DG hem
1580 CG 1 Aggl DR hem (und. Mn ox)
1580 CG 1 Aggl R hem (lep)
1580 CG 1 Sub T gz (hem)
1628 CG 4 Aggl R/DR hem
1628 CG 1 Aggl 0 hem
1628 CG 1 Aggl B hem
1628 CG 1 Sub B hem (gth, und. Mn ox)
1628 CG 1 Aggl 0 gth
1628 CG 1 Aggl Y gth (gp, man)
1628 CG 2 Ang T gz (hem)
1666 CG 2 Aggl R hem
1666 CG 1 Aggl Y gth
1666 CG 1 Ang T qz
1666 CG 1 Aggl B gz (cal)
101 FS 1 Ang R hem

101 FS 1 Sub B hem

101 FS 5 Aggl/sub R/DR hem (qz)
101 FS 1 Aggl DR hem (an, qz)
101 FS 1 Aggl R hem (an, gth, hem, gz, ms)
101 FS 3 Agglfirr B gth, hem
101 FS 1 Aggl T qz

385 FS 4 Aggl R hem (gth)
385 FS 1 Aggl R hem

386 FS 2 Aggl Y gth

385 FS 1 Aggl BL gth (9z)
385 FS 1 Ang B mag
385 FS 1 Ang B mag (hem)
965 FS 3 Aggllang B hem (qz)
965 FS 1 Ang T qz

965 FS 1 Ang T gz (hem)
973 FS 1 Sub R hem

973 FS 1 Sub Y gth

973 FS 2 Irr/sub W gz (hem)
1577 FS 2 Aggl DR/B hem
1577 FS 1 Aggl DG gz (hem, gth)
1577 FS 1 Ang T gz (hem, gth)
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1679 FS 2 Aggl R hem

1679 FS 1 Sub B hem

1679 FS 1 Irr DR hem (ab)
1679 FS 1 Ang T qz

1679 FS 1 Irr B gz (ms)
1679 FS 1 Aggl W gz (hem, an, fluo)
436 PFG 2 Plat B hem

436 PFG 1 Aggl B hem

436  PFG 1 Plat B hem (gp, kin, qz)
1281 PFG 2 Aggl R/DR hem

1281 PFG 1 Agal B hem

1281 PFG 1 Aggl B hem (mag, fluo)
1281 PFG 1 Plat B hem (mag, gp)
1603 PFG 2 Agal R/B hem

1603 PFG 1 Aggl DG hem

1603 PFG 2 Plat DG hem

1812 PFG 2 Aggl R/B hem

1812 PFG 1 Ang DR hem (gth)
1812 PFG 1 Aggl o} hem (gth)
1812 PFG 1 Aggl B hem (gth)
1812 PFG 1 Aggl B hem (an, gth, ms)
1985 PFG 2 Plat DG hem

1985 PFG 1 Aggl DG hem

1985 PFG 1 Plat DG hem (gth)

Num: number; mat: material; an: analyses; morph: morphology; SFG: soft fine-grained; BFG: banded fine-
grained; HFG: hard fine-grained; CG: coarse-grained; FS: ferruginous sandstone; PFG: platy fine-grained;
aggl: agglomerate; irr: irregular; sub: subcircular; ang: angular; plat: platy; tab: tabular; B: black; R: red;
Y: yellow; T: translucent; DR: dark red; W: white; G: grey; DG: dark grey; O: orange. Abbreviations of
minerals are based on the nomenclature suggested by ''°, except for hp (hydroxylapatite); fluorapatite
(fluo), lepidocrocite (lep), manganite (man) and natrojarosite (nt). Und: undetermined; ox: oxide; C: carbon.
* Minerals between brackets come from grains surrounding the analysed grain.
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cal: calcite
gth: goethite
hem: hematite
kin: kaolinite
ms: muscovite
gz: quartz

C: carbon

hem

Ochre piece 1603

gth

Ochre piece 1806

Ochre piece 1577
e VUGS B

cal hem

Raman intensity

hem

cal (6] c

hem
hem

Ochre piece 994

Ochre piece 1737

Hematite reference spectrum

| | | |
500 1000 1500 2000 2500

Wavenumber cm-1

S6 Supplementary Figure 2. Representative p-Raman spectra obtained from the analysis of Porc-
Epic Cave ochre pieces.

The hematite and goethite reference spectra are indicated in red and yellow respectively: RRUFF ID
R110013 and X050091'2!,
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S7 — Methods

S7 Supplementary Table 1. Number of analysed ochre pieces, ochre residues from ochre processing
tools and ochre-stained artefacts from Porc-Epic Cave and natural ochre found in the wadi Laga
Déchatu.

Artefact category p-RS XRD uXRD SEM-EDS EDXRF
Ochre pieces 80 12* 11 22 80
Ochre residue from OPT / OSA 20 11 - 12 -
Natural ochre pieces - - 6 - 39

p-RS: micro-Raman spectroscopy; XRD: X-ray diffraction; uXRD: micro X-ray diffraction; SEM-EDS:
Scanning electron microscopy coupled with energy dispersive X-ray spectroscopy; EDXRF: energy
dispersive X-ray fluorescence; OPT: ochre processing tool; OSA: ochre-stained artefact.

* Analyses conducted on ochre powder samples obtained from grinding loose ochre microfragments.
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S7 Supplementary Table 2. Contextual, macroscopic and technological data of analysed pieces and
detailed account of analyses conducted on ochre pieces, ochre residues from ochre processing tools
and ochre-stained artefacts from Porc-Epic Cave and natural ochre found in the wadi Laga Déchatu.

Artefact - Plece oo are  Depth AcCUMulation . ifications Colour* oW RS XRD*** u-XRD XRF “CM-
category* num** area mat EDS
oP 9 03N-08W 150-160 ; ; R SFG 5 5
oP 17 03N-11W  90-100 ; FK R SFG 9 5 10
oP 32 03N-12W 100-110 ; ; R cG 3 5
oP 37 03N-12W 100-110 ; ; R SFG 1
oP 51 04N-04W 70-80 SEA . R SFG 3 5
oP 101 04N-04W  80-90 SEA - 0 Fs 7 5 12
OP 102 04N-04W 80-90 SEA G+SM R+0 HFG 5 5 15
OP 133 04N-04W 80-90 SEA FK R SFG 4 5
OoP 177 04N-05W  60-70 SEA ) R+Y+O BFG 1
OP 282 04N-0SW 70-80 SEA G R  SFG 1
OP 295 04N-05W 80-90 SEA ; R SFG 3 5 10
OP 304 O04N-05W 80-90 SEA FK+G R  SFG 1
OP 306 O04N-05W 80-90 SEA FK+G+SC Y  BFG 8 5 6
OP 334 04N-05W 100-110 ; P+G R+G SFG 1
OP 363 04N-05W 110-120 ; FK R  SFG 1
OP 366 04N-05W 110-120 ; ; R+BR FS 1
OP 381 04N-05W 110-120 ; ; R+G SFG 4 5
OP 385 04N-05W 110-120 ; ; y FS 10 5
OP 38 04N-05W 120-130 ; ; R+G SFG 1
OP 392 04N-05W 120-130 ; ; R SFG 1
OP 436 04N-OTW 60-70 SEA ; R+G PFG 4 1 5 10
OP 512 04N-OTW 60-70 SEA ; R+G CG 1
OP 521 04N-OTW 6070 SEA FK R+Y BFG 4 4 16
OP 538 04N-OTW 60-70 SEA ; R+G SFG 5 5 12
OP 610 04N-O7W 90-100 SEA ; R+BL SFG 5 5
OP 615 04N-0TW 90-100 SEA ; R+BL SFG 7 1 5
OP 710 04N-OTW 150-160 ; ; Y SFG 6 1 5
OP 725 04N-08W 60-70 ; FK R SFG 4 5
OP 726 04N-08W 60-70 ; ; R SFG 3 5
OP 737 04N-08W 60-70 ; ; R SFG 5 5
OP 809 O7N-15W 120-130 ; ; R+G CG 5 5
OP 857 08N-08W 100-110 NEA FK+G+SC R+G HFG 1
OP 901 08N-08W 110-120 NEA ; Y BFG 5 5
OP 913 08N-08W 110-120 NEA FK+G+SC R SFG 5 5 12
OP 919 08N-08W 110-120 NEA ; R+G SFG 6 5 11
OP 930 08N-08W 110-120 NEA FK Y  sFG 12 5 9
OP 934 08N-08W 120-130 NEA G+SC R+Y BFG 1
OP 965 04N-04W 70-80 SEA ; R+G FS 5 5
OP 973 04N-OTW 60-70 SEA G R FS 4 5 12
OP 987 O7N-13W 210-220 ; G+sC R SFG 3 4 10
OP 994 03N-04W 60-70 ; ; R+G SFG 3 1 4 16
OP 1087 O05N-07W 100-110 ; ; P SFG 5 5
OP 1277 06N-O7W 180-190 ; G R SFG 5 1 5
OP 1281 06N-07W 180-190 ; G G PFG 5 5
OP 1419 05N-04W 70-80 ; FK+G+SC G HFG & 5 11
OP 1427 05N-04W 100-110 ; sC R+0 SFG 10 5
OP 1481 05N-05W 100-110 ; ; R SFG 8 5
OP 1485 05N-05W 100-110 ; FK R+G HFG 5 5
OP 1491 05N-05W 110-120 ; G R SFG 5 5
OP 1493 05N-05W 110-120 ; FK+G R SFG 5 5
OP 1499 05N-05W 130-140 ; FK+G R+Y BFG 8 5
OP 1510 05N-05W 140-150 ; ; R+Y CG 10 1 5 14
OP 1526 05N-07W 110-120 ; ; G SFG 6 5
OP 1552 05N-06W 160-170 ; FK R SFG 6 5
OP 1566 O05N-08W 100-110 ; ; R+P SFG 4 5
OP 1577 05N-08W 110-120 ; ; BR FS 4 5
OP 1580 O05N-08W 110-120 - FK R+G CG 4 5
OP 1585 05N-08W 110-120 ; FK G HFG 4 5
OP 1603 05N-08W 110-120 ; ; R+G PFG 5 5
OP 1626 O05N-08W 120-130 ; G R SFG 10 5
OP 1628 05N-08W 120-130 ; ; R cG M 1 5 11
OP 1635 05N-08W 140-150 ; G+SM P SFG 5 1 5 15
OP 1637 05N-08W 140-150 ; G R SFG 5 5
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Nat Laga7 NA NA NA NA R Nat 3
Nat Lagas NA NA NA NA R Nat 3
Nat Laga® NA NA NA NA R Nat 3
Nat Laga10 NA NA NA NA R Nat 3
Nat Laga11 NA NA NA NA R Nat 3
Nat Laga12 NA NA NA NA R Nat 3
Nat Laga13 NA NA NA NA R Nat 3
Nat Laga14 NA NA NA NA R Nat 3
Nat Laga15 NA NA NA NA R Nat 3
Nat Laga16 NA NA NA NA R Nat 3
Nat Laga17 NA NA NA NA R Nat 3
Nat Laga18 NA NA NA NA R Nat 3
Nat Laga19 NA NA NA NA R Nat 3
Nat Laga20 NA NA NA NA R Nat 3
Nat Laga21 NA NA NA NA R Nat 3
Nat Laga22 NA NA NA NA R Nat 3
Nat Laga23 NA NA NA NA R Nat 3
Nat Laga24 NA NA NA NA R Nat 3
Nat Laga25 NA NA NA NA R Nat 3
Nat Laga26 NA NA NA NA R Nat 3
Nat Laga27 NA NA NA NA R Nat 3
Nat Laga28 NA NA NA NA R Nat 3
Nat Laga29 NA NA NA NA R Nat 3

Num: number; raw mat: raw material; pu-RS: micro-Raman spectroscopy; XRD: X-ray diffraction; p-XRD:
micro X-ray diffraction; XRF: X-ray fluorescence; SEM-EDS: scanning electron microscopy coupled with
energy dispersive X-ray spectroscopy; OP: ochre piece; OR: ochre residue; OPT: ochre processing tool;
OSA: ochre-stained artefact; nat: natural ochre pieces; SEA: southeastern area; NEA: northeastern area;
FK: flaking; G: grinding; SM: smoothing; SC: scraping; P: pitting; NA: not applicable; R: red; O: orange;
Y: yellow; BR: brown; G: grey; BL: black; P: purple; SFG: soft fine-grained; BFG: banded fine-grained;
HFG: hard fine-grained; CG: coarse-grained; FS: ferruginous sandstone; PFG: platy fine-grained. Numbers
indicate the number of analyses conducted on the ochre pieces and residues.

(*) Analyses on ochre processing tools (OPT) and ochre-stained artefacts (OSA) were conducted on ochre
residues sampled from their surface.

(**) In the case of OPT and OSA, piece numbers correspond to the artefact number where the ochre residue
was found, not the ochre sample number.

(***) In brackets, coloured residue visible under microscopy.

(****) Analyses conducted on ochre powder samples obtained from grinding loose ochre microfragments
originally attached to the indicated ochre piece or on ochre residues sampled from ochre processing tools
and ochre-stained artefacts.
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