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a été utilisée : en postulant que la paroi rocheuse d'un abri-sous-roche ait été remise a zéro
avant l'application de la couche de peinture, cette derni¢re lui fournit une protection contre la
lumiére du jour et le signal OSL commence a s’accumuler. Si les K-feldspaths a la surface de
la roche ont été en effet remis a zéro, la couche de peinture ne fournit qu'une protection
partielle contre la lumiére du jour, gardant seulement 5 & 10 % du signal. Ce qui est peu.
Néanmoins, seuls les sols rouges, sous la forme de couches de peinture de 20 & 100 pm
d'épaisseur, correspondant & la recette rencontrée sur les sites étudiés, ont été testés, D'autres
essais avec différentes peintures et épaisseurs devraient étre réalisées pour donner une

conclusion définitive sur la possibilité de dater I'art rupestre en utilisant cette technique.

Enfin quand ni la datation par le radiocarbone, ni la datation par OSL ne peuvent étre
appliquées, des informations sur la réalisation du site peuvent étre obtenues en utilisant la
caractérisation détaillée fournie par le protocole multi-instrumental. En effet, il a été prouvé
en comparant les recettes de peinture et leur dge, que, sur un méme panneau ou couche de
superposition, des recettes de peinture identiques ont ét¢ utilisées. Par conséquent, si des
recettes de peinture différentes ont été utilisées sur un méme panneau/couche de
superposition pour réaliser la méme couleur, on peut en déduire que les figures n’ont pas été
réalisées en méme temps. En outre, suivants les détails fournis par les archéologues, une
hypothése peut étre faite: chaque recette pourrait étre liée & une population. Ainsi, des
informations clés au sujet de la réalisation des sites rupestres peuvent étre fournies,

contribuant a leur interprétation.

Ce protocole a permis de découvrir que les chasseurs-cueilleurs d'Afrique australe créaient
des peintures sur les murs des abris-sous-roche il y a aussi longtemps que 5723 a 4420 cal.
BP dans le sud du Botswana, 2326 & 965 cal. BP dans I'ouest du Lesotho, et 2998 a 2381 cal.
BP dans le district de Maclear, en Afrique du Sud. Ces dates sont les premiéres obtenues sur
l'art rupestre San au Botswana et au Lesotho, et les 46 dates obtenues dans le cadre de ce
doctorat constituent le plus grand projet de chronologie jusqu'ici réalisé sur l'art rupestre San.
A cdté de ces dates, une large palette de recettes de peinture a été identifiée. Parmi elles, des
os calcinés pour les peintures blanches et de la suie pour les peintures noires ont été pour la
premiére fois identifiées, et confirment les hypothéses formulées par Rudner (1982). De plus,

des mélanges intentionnels ont été identifiés. Ces résultats, couplés a I'analyse et a des essais
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de préparation des sols trouvés a proximité des sites rupestres, ont permis de reconstituer des
parties de la chaine opératoire des sites, qui est particuliérement constante a travers le temps
et les régions d'Afrique austr:clle étudiées. Dans le Bouclier canadien, des dates n’ont pas pu
étre obtenues, mais la caractérisation précise des peintures menée sur le site Mikinak fournit
pour la premiere fois une lumiére nouvelle sur ce site. Initialement, il était vu comme ayant
été réalisé en une seule fois sous la forme d’un seul panneau. Mais la présence de trois
recettes de peinture différentes, pouvant correspondre a trois phases de peinture, remet en

question cette hypothése.

Les deux principaux objectifs de cette thése de doctorat ont été réalisés en utilisant un
protocole de caractérisation multi-instrumental permettant de sélectionner des échantillons
soit pour la datation par le radiocarbone, soit pour la datation par OSL. De plus, ce protocole
fournit une alternative a la datation absolue en fournissant des informations clés & propos de
la réalisation des sites, en utilisant une caractérisation détaillée des peintures. Le troisiéme
objectif n'a pas été atteint car aucun matériel datable n’a été trouvé sur les figures spécifiques
que sont les figures d’Eldritch et les LH-SDF. Cependant, en caractérisant toutes les peintures
de ces figures et en datant les figures du méme panneau ou de la méme couche de
superposition, il peut étre possible d’étendre les dates obtenues et ainsi de fournir une date

absolue.

Les dates et les résultats de caractérisation obtenus dans cette thése ouvrent la possibilité de
développer une approche chronologique bien établie pour appréhender la diversité et le
changement au sein de l'art rupestre San. Le sens de l'art rupestre San étant bien connu et
compris, ces changements au cours du temps pourraient étre interprétés en termes sociaux. En
outre, cefte approche chronologique permet aux archéologues de commencer & développer
des liens entre les activités des chasseurs-cueilleurs préservées dans la peinture et celles

conservées dans des dépots archéologiques.



APPENDIX A

INSTRUMENT PRINCIPLES

In this appendix, a brief description of the principles of the instruments used for

characterization is given.

A.l Scanning electron microscopy coupled with Energy-dispersive X-ray Spectrometry
(SEM-EDS)

The SEM uses an electron beam generated by a filament, usually made from tungsten. This

beam is focused by electromagnetic lenses, and interacts with a microscopic part of the

sample placed in the analysis chamber.

When the electron beam arrives on the sample, it interacts with atoms and electrons at the
surface of the sample. Various forms of radiation and particles are then emitted by the sample
(Figure A.1): secondary electrons which show the topography of the sample, backscattered
electrons which give an image with chemical contrast, the X-rays which are used for the
qualitative and quantitative analyses. Cathodoluminescence and Auger electrons are also

emitted but were not used for this project.

The analysis chamber in a conventional SEM, is under vacuum, approximately 10° mbar
(High Vacuum). This can cause charge effects which prevent formation and recording of a
good image. To limit these effects, it is possible to coat the sample with a layer of carbon,

gold or other conductive metal.

In some SEMs, it is possible to vary vacuum (SEM with variable pressure) in the analysis
chamber and thus limit the charging of the sample, without the need for carbon or gold

coating.
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Figure A.1 Interaction between electron beam and sample in SEM-EDS

A2 Raman spectroscopy

Raman spectroscopy works using monochromatic lasers as excitation rays.

monochromatic radiation is focussed on an object, several phenomena are observed: reflected

light, transmitted light and diffused light. This last phenomenon contains two parts: one

radiation, called Rayleigh diffusion, having the same wavelength as primary radiation (vo)

and a second radiation, called Raman diffusion, having a different wavelength (vy) than the

primary one (Figure A.2).

Rayleigh scattering (v,)

Raman scattering (v,,,)

Transmitted fight

Reflected light (v,)
(Vo) 4

—

s Shlb,

/V\

Incident light (v,)

Figure A.2 Phenomena observed under a primary monochromic radiation
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When energy is focussed on a sample, the electrons adopt an excited state. They need then to

come back to their stable state. There are several scenarios for this (Figure A.3):

- The electron returns to its original energy state. This is Rayleigh scattering. In this case, no

information is obtained (vg).

- The electron releases less energy than it absorbed, giving rise to a Stokes scattering effect

(Vo-Vvib)-

- The electron releases more energy than it absorbed. This is an anti-Stokes Raman diffusion

(V0+Vvib)-

EA

i :]Virtual energy levels
= i coee ol | Vit
V-V Vo
V=2
\L V=1 |Ground energy levels
i, ! E V=0
Raman Stokes diffusion ~ Rayleigh Raman Anti-Stokes diffusion
VoV VotV
Figure A.3 Rayleigh and Raman diffusions

Therefore, the diffusion which the instrument detects has three components: the Rayleigh
diffusion accounting for 99% of the signal, the anti-Stokes Raman diffusion and the Stokes
Raman diffusion, the former having intensity lower the latter than. The Stokes Raman
diffusion is used for Raman spectroscopy analysis, although its intensity is ten million times

weaker than that of incidental radiation.

A3  Fourier Transform InfraRed (FTIR) spectroscopy

FTIR spectroscopy is based on the absorption by molecular bonds of infrared wavelengths.

They extend from 12 800 cm™ to 10 cm™ and are divided into three groups: near infrared,
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middle infrared and far infrared. Conventional FTIR spectrometers use middle infrared

wavelengths which extend from 4 000 cm™ to 400 cm™ (that is to say 2.5 pum to 25 pm).

When an infrared ray is focused on a molecule, the latter absorbs a part of it which
corresponds to the types of bonds present. The absorption of the infra-red radiation can take
place only if the wavelength corresponds to the energy associated with a particular mode of
vibration of the molecule. Middle infrared wavelengths are the area in which the majority of

the organic compounds produce a single absorption spectrum (Stuart, 2007).

In the FTIR spectrometer, infrared rays follow two paths. One part goes to the sample and the
other to a space with no sample to act as reference. Combining the two, it is possible to know
which wavelengths were absorbed by the sample and with what intensity. This gives a

quantitative feature to the analysis.

Samples can be analysed in several modes: transmission, reflectance or Attenuated Total
Reflectance (ATR). Transmission and ATR are the most commonly used modes.
Transmission analysis requires a preparation of the sample as a pellet. It is reduced to powder
and mixed with salts transparent to infrared such as KBr, NaCl or CIF,. Samples can be
sliced with a microtome to form films of about 10um thickness which can thus be used
directly in transmission. This preparation is more often used when analyses are carried out
with a micro-FTIR. In the case of ATR, samples are put on a diamond window and crushed
with a “screw”. Micro-ATRs exist as well, made with diamond or germanium and offer the
possibility to point on an area of about 100 um? without destruction. It is often used to

analyse paintings and manuscripts.



APPENDIX B

ROCK SUPPORT CHARACTERIZATION: SOUTH AFRICA, LESOTHO AND
BOTSWANA

In this appendix, characterization conducted on rock faces on which paintings were created is
detailed step by step, following the same protocol as for paint characterization. To avoid
unnecessary repetitions of peaks observed during Raman spectroscopy and FTIR
spectroscopy analyses, only the name of the compounds identified are given. Peaks
associated can be found in Table 3.1 and 3.2 in Chapter 11I. Where unconventional peaks are
found or where a detailed explanation of the position of peaks is required, further

developments will be provided.

B.1 Rock support characterization, Maclear District, South Africa
B.1.1 Microscope

At its surface, the rock face exhibits a white layer which covers a rock composed of white,
transparent, and yellow grains (Figure B.1a). Few darker grains (red or black) are visible at
the surface, mixed in the white layer. They may be part of the weathering of the rock, or

aerosol particles.

The observations of the rock in cross-section show the presence of grains of almost the same
size (about 100 pm) comprised in a yellow matrix (Figure B.1b). Under direct reflected light,

a few grains are very bright.
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500um | |t 1 mm
—

Figure B.1 Microscope observation on Maclear rock: a) surface, b) cross-section

B.1.2 SEM-EDS

At its surface, the rock contains grains of different sizes (from 1 to 20 pm diameter) and of
different shapes: round, long, polygon. Most of these grains are composed of silicon and
aluminium. The smallest are composed of calcium and may be calcium oxalates or calcium

carbonates. Sodium, magnesium, potassium and iron were recorded as minor elements.

In cross-section, the rock is composed of small grains about 100 pm diameter such as
previously observed under microscope. They are composed of silicon for about 50% of them,
and silicon, aluminium, potassium or sodium for the other 50%. The former are identified as
quartz, whereas the latter are potassium and alkali-feldspars. The matrix is composed of

calcium.

B.1.3 Raman spectroscopy
At its surface, the rock is composed of calcite. They are doubtless correlated with the fine

round grains composed of calcium recorded with SEM-EDS.

In cross-section, quartz and albite were recorded. K-feldspars appear with albite on some

spectra indicating the possible presence of perthites.
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B.1.4 FTIR spectroscopy

Peaks of quartz mixed with feldspars were recorded at 782, 799, 992 and 1060 cm’, If the
doublet 782, 799 cm™ is characteristic of quartz, the other peaks can be attributed to both

quartz and feldspars, thus no more detailed interpretation is proposed.

Peaks at 1113, 1162, 1645 and 3629 cm™ are attributed to alumino-silicates. The same peaks
were found in amorphous alumino-silica and silica crusts from Canadian rock art sites. They
are common peaks found in clay minerals too, the two first being attributed to Si-O
stretching, the third to OH deformation of water, and the last one to OH stretching of
hydroxyl groups (Madejova and Komadel, 2001). The attribution to clay minerals is the most
likely as clay is a common degradation of the Clarens formation sandstone (Johnson ez al.,
2006).

Finally, calcium oxalates were recorded (Figure B.2).

CC = calcium carbonate

Cl =clay Absorbance
F =feldspar QIF -
Ox = calcium oxalate Y
Q =quarz
W =water Q - 0.7
Cl
_—/J’C'\ wic Q1 og
- 0.5
QF
- 04
W/Ox £
cc Ox Q/F
WICI
- 0.2
4600 35roo 30'00 25'00 20'00 15:00 10'00

Wavenumber (cm™)

Figure B.2 FTIR spectra of Maclear rock
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B.1.5 Conclusion

Results are in agreement with the known composition of Clarens formation sandstone. At its
surface, weathering products and eolian deposits consist of calcium oxalates, calcite, quartz
and feldspars grains, and clay minerals. Minor elements as sodium, magnesium, potassium
and iron were recorded without finding their exact mineralogy. They may be part of the

feldspars grains and clay minerals, or occur as salts.

No preparation of the rock surface is visible. However, all the paintings were realized on the
white weathering crust visible at the surface of the rock and which may act as a preparation

layer for the artists.
B.2 Rock support characterization, Phuthiatsana Valley, Lesotho

B.2.1 Microscope

At the surface, the rock exhibits a white layer, punctuated of dark red grains (Figure B.3).
Underneath, the rock is composed of transparent, white and yellow grains in a white/yellow

matrix. The rock is highly friable.

The observations of the rock in cross-section show the presence of grains of almost the same

size (about 100 pm) comprised in a yellow matrix. The matrix seems to be more present than

in the rock from South Africa.

Figure B.3 Microscopic images of Lesotho rock: a) surface, b) cross-section
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B.2.2 SEM-EDS

At its surface, the rock exhibits a smooth texture with grains from 1 to 50 um on top. They
are of different shapes: round, long, polygons. They are composed of silicon, aluminium,
sodium and potassium, for the largest, whereas the smallest are composed of calcium
sometimes accompanied of sulphur. Minor elements recorded are magnesium, chlorine,

titanium, manganese and iron.

Observations under SEM confirm the ones made with microscope: small grains, about 100
um, in a matrix composed of calcium. The grains are mostly quartz, potassium feldspars and
sodium feldspars. The presence of grains composed of iron and titanium has been recorded.
B.2.3 Raman spectroscopy

Quartz was the only mineral recorded on both surface and cross-section of the rock. At its

surface, the rock exhibits a high fluorescence.

Broad peaks at 1301 and 1601 cm™ found at the surface of the rock may be interpreted as
clay minerals.
B.2.4 FTIR spectroscopy

Quartz and anorthoclase were recorded along with possible peaks of clay. Calcium

carbonates were found too (Figure B.4).
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Figure B.4 FTIR spectrum on Lesotho rock

B.2.5 Conclusion

The rock is composed of quartz, potassium feldspars and sodium feldspars in a calcitic
matrix. The presence of calcium sulphates and clay was found at its surface. Minor elements
as magnesium, chlorine, titanium, manganese and iron were found mainly at the surface of

the rock and are attributed to weathering products.

It is in agreement with the known composition of Clarens formation sandstone and with the

composition of the rock from Maclear sites.
B.3 Rock support characterization, Thune Valley, Botswana

B.3.1 Microscope

At the surface, the rock exhibits a black to grey layer at some places. White and orange crusts
were observed too. Undemeath them, large transparent and white grains are comprised into a
red matrix. It is possible that the red matrix turned black because of fires made close to the

rock face.
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The observations of the rock in cross-section show the presence of grains of almost the same
size (about 200 um) comprised in an orange-red matrix (Figure B.5). The grains are much

larger than in the rocks from South Africa and from Lesotho.

1 mm

Figure B.5 Botswana rock in cross-section (microscope with incident light)

B.3.2 SEM-EDS

At its surface, the rock presents a smooth layer with round grains and flakes from 10 to 200
pm diameter. It is composed of magnesium, aluminium, silicon and calcium, with minor

elements as phosphorus, sulphur, chlorine, potassium and iron.

In cross-section, the rock is composed of grains from 50 pm to 200 pm diam. They are
mostly with a round shape and composed of silicon. The smallest grains are composed of
aluminium, silicon and potassium and are identified as K-feldspars whereas the other grains

are quartz. No matrix has been identified.
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B.3.3 Raman spectroscopy
At its surface, clay, anhydrite and feroxyhyte were found (Figure B.6).

In cross-section, only peaks of quartz were recorded.

Raman intensity

An = Anhydrite
Cl = Clay -
Fr = Feroxyhyte [
Q =Quartz
L 50000
Cross-section i QQ
(R L 45000
L 40000
Surface 35000
2500 2000 1500 1000 500
Raman Shift (cm™)
Figure B.6 Raman spectra recorded on Botswana rock

B.3.4 FTIR spectroscopy

K-feldspars and quartz were recorded on FTIR spectra from the rock. Peaks at 913, 3621,
3699 cm™ can be attributed to clay which can be found in this sandstone as weathering

products (Johnson et al., 2006). Calcite was identified too (Figure B.7).
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Figure B.7 FTIR spectrum recorded on Botswana rock

B.3.5 Conclusion

The rock support of the paints is sandstone composed mostly of quartz and K-feldspars.
Calcite and clay were recorded in and on the rock and they can be both weathering products
and the matrix of the rock. At its surface, it exhibits a thick white to black layer composed of
calcium sulphates and clay, and feroxyhyte (that is to say iron oxide hydroxide under the
form 8-Fe**O(OH)).






APPENDIX C

TRANSFER FROM LEXSYG TO RIS@: TESTS AND NEW SETTINGS

Due to a break in the Lexsyg instrument which requires long-term fixing at the end of the
PhD project, final OSL analyses were transferred to the Risg instrument (details of the

instrument are given in chapter II).

The transfer needed to take into account the differences between the two instruments. First,
the Lexsyg was running under helium atmosphere whereas the Risg was using nitrogen
atmosphere. These two gases have different heat conduction properties, the helium being
more conductive than nitrogen. As my protocol was highly dependent of pre-heat
temperature, pre-heat tests were first conducted to determine the corresponding temperature
to be used. The rock Aral 175 has been selected for these tests. Second, the Risg is equipped
with a lamp reproducing sunlight but being about 10 times less powerful than the Lexsyg
one. The protocol established with the Lexsyg requires a 15min-bleach after each Ln-Lx and
Tn-Tx. Due to the weak power of the lamp, such bleaching could not be done as it requires
too much instrument time. Hence, a test was conducted with thermal wash to replace the
bleaching step. Results are detailed in the following sections beginning by thermal transfer
determination, then dose recovery tests using given doses of 2 and 20 Gy and finally, the
adjusted protocol was tested on a core taken from the rock from RSA MELS, on which

painting tests were conducted.

(€5) Thermal transfer determination

During experimentations detailed in chapter V, the presence of a thermal transfer due to the
necessity of pre-heating the sample prior to IRSL recording was found and estimated
depending on the pre-heat temperature used. To estimate more precisely its influence and to

reduce it, a bleaching step was introduced after each Ln-Lx and Tn-Tx.
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However, this step cannot be done with the Risa. To replace this step, a thermal wash was
tested. It consisted of an IRSL record at 225°C for 100s. Details of sequences are given in
table C.1.

Table C.1 Thermal transfer sequences (a: without thermal wash, b: with thermal wash)

a Step Treatment

1 Preheat at 0/50/100/150/200/250°C for 60s
IRSL at 50°C for 100s
Test dose, 1Gy
Preheat at 0/50/100/150/200/250°C for 60s
IRSL at 50°C for 100s
Regenerative dose: 1Gy, 5Gy, 10Gy, 0Gy, 1Gy

NN AW N

Return to step 1

b Step Treatment

Pt

Preheat at 0/50/100/150/200/250°C for 60s
IRSL at 50°C for 100s
IRSL at 225°C for 100s
Test dose, 1Gy
Preheat at 0/50/100/150/200/250°C for 60s
IRSL at 50°C for 100s
IRSL at 225°C for 100s
Regenerative dose: 1Gy, 5Gy, 10Gy, 0Gy, 1Gy

O 00 9 O L AW

Return to step 1

Results were plotted in figure C.1 with results obtained with the Lexsyg instrument.
Comparing thermal transfer with the bleach step on Lexsyg and the one with the thermal
wash step on Risg shows similar results for both the intensity and the shape of the curves. A

slight shift on pre-heat temperatures is observed and is due to the difference of conductivity
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properties of helium and nitrogen. It is estimated to about 10% of the pre-heat temperature set
in the sequence. Hence, with a pre-heat of 100°C, the shift is 10°C, whereas it is 20°C with a
200°C pre-heat.
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Figure C.1 Thermal transfer depending on pre-heat temperatures (Lexsyg and Rise)

Results show that a better estimation of the thermal transfer is achieved when using the
thermal wash step after each Ln-Lx and Tn-Tx. They are similar to those obtained with

Lexsyg using the bleach step.

Ta confirm that the use of a thermal wash step produces similar results as the bleach step,

dose recovery tests at 2 Gy and 20 Gy were then carried out.
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@:2 Dose recovery tests
C.2.1 Dose recovery: 2 Gy

Dose recovery tests were carried out at different pre-heat temperatures following the same
sequences as detailed in Table B.1, but adding a preliminary given dose of 2 Gy. Then ratios
between the recovered dose and the given dose were calculated (Figure C.2). Then thermal

transfer was subtracted to the recovered dose and the ratio was again calculated (Figure C.3).
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Figure C.2 Dose recovery ratios (2 Gy, Lexsyg and Risg)
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Figure C.3 Dose recovery ratios (2 Gy, thermal transfer subtracted, Lexsyg and Risg)
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Once thermal transfer is subtracted, using the Risg instrument, dose recovery ratios are within
the 0.9 to 1.1 range recommended by Murray and Wintle (2000) with a pre-heat temperature
of 200°C. Results using the thermal wash step or not are in the same range. However, using

thermal wash, the dispersion of results is less.

According to these results, the thermal wash step and a pre-heat temperature of 200°C are
thought to be the best parameters to set the Risg. Further tests were conducted on higher

given doses.

C.2.6 Dose recovery: 20 Gy

As demonstrated in chapter V, dose recovery tests using a given dose of 20 Gy were always
successful whatever. pre-heat temperatures and using or not a bleach step. Hence, they were
conducted to confirm that the thermal wash step does not influence the dose determination,

whatever high or weak is the initial dose. Sequence used is given in Table C.2.

Table C.2 Dose recovery test (20 Gy) sequence

Step Treatment
1 Preheat at 0 - 250°C for 60s
2 IRSL at 50°C for 100s
3 IRSL at 225°C for 100s
4 Test dose, 3Gy
S5 Preheat at 0 - 250°C for 60s
6 IRSL at 50°C for 100s
7 IRSL at 225°C for 100s
8  Regenerative dose: 10Gy, 50Gy, 30Gy, 0Gy, 10Gy
9 Return to step 1

Results are presented in Figure C.4. It shows that the dose recovery ratios are within 10%
whatever pre-heat temperatures and subtracting or not thermal transfer. Thermal transfer has

been estimated to about 0.6 to 1.2 Gy depending on pre-heat temperatures. It represents about



364

5% of the given dose; hence it does not have a real impact in the dose determination at 20
Gy.

[ Riso Dr2oGy TW
0.50+ B Riso Dr20Gy-TT TW

Dose recovery ratio
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(=)

0 50 100 150 200 250 300
Pre-heat temperature (°C)

Figure C.4 Dose recovery ratios (20 Gy) using thermal wash on Risg

These results confirm parameters selected previously: the thermal wash step and a pre-heat
temperature of 200°C are thought to be the best parameters to set the Rise. They were then
tested on core 3 of rock from RSA MELS, rock being artificially painted at its surface and
exposed to SOLE Lamp.

(@3] Tests on core 3 of rock from RSA MELS

Ln-Tn determinations were first conducted on the entire core using the same sequence as
previously used with Lexsyg (§5.3.2.1) but replacing the bleach step by the thermal wash step
and using a pre-heat temperature of 200°C (Figure C.5). Then, sequences to calculate
equivalent doses were conducted once again using the Lexsyg sequences but replacing

bleaching step and pre-heat temperatures (Figure C.6).
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Figure C.5 Ln-Tn determination of core 3 of rock form RSA MEL8 with Lexsyg and
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Figure C.6 Equivalent dose determination of three slices of core 3 of rock from RSA
MELS (Lexsyg and Risg)

Ln-Tn profile results show a slightly higher ratio for the entire core but the shape of the
profile stays the same. When comparing equivalent doses determinations, they all fall in the
same range. Moreover, the recovered dose underneath the paint layer is again about 5% of the

initial dose.
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C4 Conclusion on the transfer

Using these results, it is possible to conclude that a transfer can be done from Lexsyg to Riso
adjusting the sequence used: pre-heat temperature is set at 200°C and the bleach step after
each Ln-Lx and Tn-Tx is replaced by a thermal wash step consisting of an IRSL recording at
225°C for 100s.



APPENDIX D

BAYESIAN MODELLING DETAILS AND SETTINGS

In this section, details and settings are given for the Bayesian models presented in this thesis.

D.1 Software settings

Bayesian modelling was conducted using OxCal online

(https://c14.arch.ox.ac.uk/oxcal/OxCal.html ). Models were constructed as a sequence in

which continuous phases were added. In each of these phases, radiocarbon dates were

included.

Outlier constraints were added to the entire sequence and to each date. For the sequence, an
outlier model was used with a distribution of T(5), i.e. “this assumes that the outliers are in
the time dimension (for example samples deposited at a time other than that of their
formation), and are assumed to be distributed according to a student T distribution with 5
degrees of freedom (a long tailed distribution more suitable than a Normal distribution for
outliers” (Bronk Ramsey, 2009), and a magnitude distribution of U(0,4), i.e. “the scale is
allowed to lie anywhere between 10° to 10* years” (Bronk Ramsey, 2009). For each date, an
outlier command has been added to “flag a measurement as a definite outlier and remove it

from the model” (Bronk Ramsey, 2009). It has been set at 0.05 or 5%.

The calibration curve selected in ShCall3, as dates were obtained on sites from the South

Hemisphere.

It results in the model code presented in Figure D.1. It is then run in the OxCal software

online.
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Figure D.1 Example of the construction of a Bayesian model used in this thesis

D.2  Archaeological constraints given to the models

Firstly, constraints were given according to the dates obtained. They can be roughly arranged
to make a preliminary chronology of a site or a region. Then they are confronted to
superpositions of paintings observed by the archaeologists. Hence a painting on top of
another will be assumed to have been created after the one underneath it. Phases result of

these observations.

However, superpositions are not present on all the sites and they may be confused. Bayesian
models were used to estimate the probability that one representation would be younger than
another and thus corroborate or not archaeological interpretations. For this step, the outlier

commands on each date offered the possibility to track dates which do not fit with the model
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and rearrange them. However, different models have the same probability and it results in

different possible scenarios.

Finally, models were constrained by archaeological evidence of the presence of San groups in
the area. It was especially the case for the Metolong catchment since San hunter-gatherers
were absent from it after the end of the 1830°s (Vinnicombe, 1976; Arthur and Mitchell,
2010).

D.3 Interpretations of the results

Results from the models are firstly evaluated using the two diagnostic measures given by
OxCal:

- The agreement indices: a measure of the agreement between the model (prior) and
the observational data (likelihood). They should be over 60%
- The convergence integral: a test of the effectiveness of the Monte-Carlo-Monte-

Carlo algorithm. It should be over 95%.

Then, outlier models and commands give flag on potential outliers in the model. It makes it
possible to correct the model and then run it again to adjust the sequence of phases. If all

flags are green, the model is used for the interpretation of the site.
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APPENDIX E

SUPPLEMENTARY ONLINE INFORMATION FOR “PIGMENT CHARACTERIZATION
AS AN ALTERNATIVE TO INTERPRET ROCK ART SITES WHEN DATING
METHODS FAIL: THE CASE OF THE MIKINAK SITE, LAKE WAPIZAGONKE,
QUEBEC, CANADA”

E.l OSL preparation and experimental details

As the OSL signal is light sensitive, all the preparation process has to be carried out under red

light.

Two rocks collected on the banks of the Lake Wapizagonke were prepared to test the
suitability for OSL dating of quartz composing the rock support of the paintings. About | cm
of the surface of the rocks was retrieved, and the rest was ground in an agate mortar. The
samples were acidified with hydrochloric acid (HCI) at 10% for 1 hour in order to dissolve
calcium carbonates and other weathering products, followed by three distilled water
cleanings and one methanol cleaning. Samples were left to dry at room temperature
overnight. Sieving was subsequently undertaken and the fraction between 150-250 um was
selected. Samples were then acidified with hydrofluoric acid (HF) at 10% for 15 minutes,
cleaned three times with distilled water, acidified again with HF 45% for 45 minutes, cleaned
three times with distilled water, acidified with HCl 10% for 30 minutes to remove calcium
and fluorine ions liberated by the HF acidification, cleaned three times with distilled water

and finally cleaned once with methanol.

Once dried, they were mounted on aluminium discs for OSL recording. Samples were
analysed using a Lexsyg system (Richter et al., 2013), with blue LED stimulation, under
helium atmosphere. The luminescence was filtered with a combination of two filters and

detected with a photomultiplier. Data were treated using Analyst and Excel.

To test the suitability of quartz, an Ln-Tn sequence was applied (Table E.1).
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Table E.1 Ln-Tn sequence used for quartz sensitivity

Step Treatment

1 Preheat 240°C for 10s
2 IRSL at 50°C for 100s
3 OSLat 110°C for 40s
4 Test dose, 20Gy

5  Preheat 160°C for 10s
6
7

IRSL at 50°C for 100s
OSL at 110°C for 40s

No OSL signal was recorded (Figure E.1). A second test was carried out by giving to the

natural quartz sample an added dose of 2000Gy. No OSL signal was recorded either.

N
(o)

N
(=)

OSL (cts per 0.10 s)
s &

o

o

0 5 10 15 20 26 30 35 40
Time (s}

Figure E.1 Example of OSL signal recorded for Lake Wapizagonke quartz
B2 Supplementary figures and photos

We would like to include the following figures and photos to complete our article.
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Figure E.2 Painting panel at Mikinak Site

Al o == __ P

Figure E.3 Painted fragments collected in 1985 (Parks Canada)
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Figure E.4 Common OSL hypothesis (left) and OSL hypothesis of this study (right)

Small balls observed on 25M1A1-1 (SEM secondary electron image)

Figure E.5
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Figure E.6 Diatoms in the silica crusts

E.3 Bibliography

Richter, D., Richter, A. et Dornich, K. (2013). Lexsyg — A new system for luminescence
research. Geochronometria, 40(4), 220-228.






APPENDIX F

A NOTE ON THE SAN NAME ORTHOGRAPHY

Many of the San words used in this thesis are spelled with symbols. They represent the clicks
that are a distinctive feature of the Khoisan languages. The descriptions of these sounds are
taken from Lewis-Williams and Pearce (2004).

! (Dental click). The tip of the tongue is placed against the back of the upper front

teeth; in the release, it is pulled away with a fricative sound.

! (Alveolar-palatal click). The tip of the tongue is pressed firmly against the back of
the alveolar ridge where it meets the hard palate and is snapped down very sharply on release.

A loud pop results.

# (Alveolar click). The front part of the tongue, more than the tip, is pressed against

the alveolar ridge and drawn sharply downward when released.

!l (Lateral click). The tongue is placed as for the alveolar click. It is released at the
sides by being drawn in from the teeth. Drivers of horses sometimes use lateral clicks to

encourage their steeds to start or go faster.

O (Labial click). The frontal closure is made with pursed lips; when the lips are

released, the sound is like a kiss. This click is found only in southern San languages.

X is a guttural sound as in the Scottish loch.






APPENDIX G

GENERAL MAP

The following map is given to localise the different sites and places mentioned in this PhD.

Points which locate two or three sites are accordingly larger.
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APPENDIX H

ANALYSIS CATALOG

The analysis catalog is given as a numeric file, to be found in the CD attached to this

manuscript.
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