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Abstract We present the multidisciplinary investigation of
pigments and artefacts with traces of colour from the Early-
Middle Holocene site of Takarkori, located in the Tadrart
Acacus Mountains (central Sahara, SW Libya). Here, geolog-
ical, archaeological, taphonomic and chemical studies
(Raman, Fourier-transform infrared, X-ray powder diffrac-
tion, gas chromatography—mass spectrometry) are used to ex-
amine a vast range of artefacts (raw materials, grinding stones,
painted items, as well as lithic, bone, wooden and ceramic
tools) equally distributed from Late Acacus contexts related
to hunter-gatherers (ca. §900—7400 uncal years bp) to pastoral
groups (ca. 74004500 uncal years bp). The exploited minerals
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(goethite, hematite, kaolinite and jarosite, among others) are
locally procured and processed using quartzarenite grinding
stones of different shapes and sizes. Thermal treatment of the
minerals is also suggested by X-ray powder diffraction (XRD)
and Raman studies. Gas chromatography—mass spectrometry
(GC-MS) analyses show the addition of a lipid binder to small
lumps of pigments in order to obtain a sticky product. Their
fatty acid distribution differs from the residues on grinding
stones, pointing to a specific use of these lumps. The grinding
stones have also been used to crush and pulverize the pigments
and as base for colour preparation. A sample of colour from a
fallen painted slab referable to late pastoral phases shows the
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presence of a binder, chemically identified as casein. Taken
together, the evidence collected at Takarkori conveys to suggest
an articulated chaine opératoire, not only directed towards the
preparation of pigments for the parietal rock art but also to other
non-utilitarian functions, such as body care and ornamentation
and decoration of artefacts.

Keywords Holocene - Sahara - Pigments - Foragers -
Herders - Chemical analyses

Introduction

Despite the long tradition of study, we still have a limited
knowledge of Saharan rock art. Unveiled to the western world
in the nineteenth century (Barth 1857-1858), the study of
paintings and engravings attracted since then generations of
scholars, mostly focussing on the analysis of art styles and
their chronological position (e.g. Mori 1965; Le Quellec
1998; Muzzolini 2001). More recently, many research pro-
grams embarked on a paradigm change, with increasing at-
tempts to reinsert the Saharan artworks in their wider archae-
ological context, reconnecting the rock art evidence to the
landscape where they are inscribed (e.g. di Lernia and
Gallinaro 2010; Guagnin 2012; Gallinaro 2013; Kuper 2013).

In this paper, we have collected the evidence for artefacts
with traces of coloured residues from the Early-Middle
Holocene site of Takarkori (Tadrart Acacus Mountains, SW
Libya), in an attempt to investigate their nature and potential
relations with rock art through a multidisciplinary approach.

The effort to reconstruct the chaine opératoire of the
colour-making process and use is based on spatial and strati-
graphic analysis of the assemblage, supported by radiocarbon
chronology and cultural association, together with chemical
analysis of the residues.

Despite the lack of direct evidence of artworks on the
shelter walls, which are strongly affected by wind ero-
sion, Takarkori indeed is a fortunate context. Differently
from other Saharan sites, this context offers the oppor-
tunity to observe a long archaeological sequence, which
encompasses the transition from Late Acacus foragers
(ca. 89007400 uncal bp, ca. 8300-6100 BCE) to
Pastoral herders (Early, Middle, and Late: ca. 7400—
4500 uncal bp, ca. 6400-3000 BCE). Furthermore, the
size of the excavation allowed the discovery of a large
and diversified assemblage of artefacts with coloured
residues (raw materials, grinding equipment, stone,
bone, ceramic and wooden tools, and painted items),
unparalleled in other Saharan contexts. Our research re-
vealed that ochre and other minerals were intensively
processed and used, not only to produce the pigments
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for the parietal rock art but also to be used for various
non-utilitarian functions such as body care and orna-
mentation, decoration of stones, bone, ceramic artefacts
and wooden sticks.

Pigments, colour and rock art in the Tadrart Acacus

The Tadrart Acacus massif is one of the main centres of rock
art in the Sahara, known since the 1950s thanks to Fabrizio
Mori (1965), and included in the UNESCO World Heritage
list in 1985 (Fig. 1). The chronological and stylistic attribution
of this artistic production is still debated. All authors agree on
a Holocene age but diverge on the chronology of the earliest
evidence and on stylistic definitions (e.g. di Lernia and
Gallinaro 2011; Le Quellec 2013). The cavities punctuating
the wadi banks host a rich corpus of paintings and engravings,
analysed in the past by means of multidisciplinary perspec-
tives (e.g. di Lernia and Zampetti 2008; Gallinaro 2013), with
a particular emphasis on its preservation (di Lernia 2005; di
Lernia and Gallinaro 2011). The state of preservation
(poor/good) and the potential degree of contamination are
elements of the utmost importance. These directly affect
the quality of the pigments and the possibility to investi-
gate the presence of organic binders, which are potentially
suitable for radiocarbon dating (e.g. Mori et al. 2006; di
Lernia 2012; Zerboni 2012). Previous chemical analyses
carried out on the Acacus paintings highlighted the pres-
ence of organic (mostly proteic) matter, tentatively identi-
fied as milk casein (Mori 1965) and, more recently and on
different samples, as similar to egg or serum albumin
(Mori et al. 2006). As for the pigments, studies carried
out in the past identified the presence of ochre (Mori
1965). X-ray fluorescence (XRF) analyses carried out on
samples of pigments (red, yellow and white) manually
scratched from the painted walls revealed the presence of
a higher concentration of iron in the red sample and low
calcium and high barium in the white sample, suggesting
that the pigment did not have a carbonatic origin; the use
of diatomaceous sediment or quartz was instead suggested
(Moioli and Seccaroni 1992). However, these studies were
not fully published, and the approach was not supported
by a broader consideration of the regional context.

The use of pigments in the Acacus region is not only
related to parietal rock art, but more rarely to portable
artefacts, such as the painted pebble from Uan Amil
(Ponti 1995). Grinding stones are the most common arte-
facts with traces of pigments. Several sites of Late Acacus
and Pastoral age in the region yielded grinders with red-
dish and yellowish pigments, together with a few items on
wood and bones. Lumps of red and yellow pigments were
also recorded (e.g. Mori 1965; Barich and Mori 1970;
Barich 1987; Cremaschi and di Lernia 1998; Garcea and
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Fig. 1 The Tadrart Acacus (SW
Libya), with Takarkori and other
sites discussed in the text: Wadi
Athal (7), Ti-n-Torha (2), Uan
Afuda (3), Uan Tabu (4), Uan
Amil (5), Uan Muhuggiag (6),
Uan Telocat (7), Fozzigiaren (&)
and Takarkori (9)

10°0'E 10°15'E

Sebastiani 1998; di Lernia 1999; Garcea 2001; di Lernia
et al. 2013). Taken together, the largest part of coloured
items in the Acacus is made of artefacts “active” in
pigment processing (crushers, grinders, spatulas, etc.).
“Passive” items, i.e. artefacts decorated with colour,
are very rare. It is likely for this reason that the equa-
tion “ochre = rock art” routinely drove all interpreta-
tions in the past.

25°15'N 25°30'N 25°45'N 26°0'N
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Human occupation at Takarkori

Opening towards the west, the rock shelter is on a terrace
about 100 m above the wadi floor (Fig. 2). It is located on
the southern side of wadi Takarkori, which separates the
Tadrart Acacus from the Algerian Tadrart. The present sur-
rounding vegetation is limited to desert savannah with
Acacia trees (Mercuri 2008).
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Fig. 2 a Geological map of the Tadrart Acacus region (modified from
Galeci¢ 1984; Jakovlejeci¢ 1984), with indication of the main rock
formations (Fm.). The red star shows the position of Takarkori rock
shelter. The black stars represent the main outcrops of rubified
paleosols rich in Fe-bearing oxides, whereas the grey ones are the Fe-
rich speleothems (see text for details). The Silurian shales of the Tanezzuft
Fm. are the richest in iron oxides and hydroxides. b General view of

Lacustrine deposits
(Holocene)

Takarkori rock shelter showing the general state of preservation of the
vault; arrows show the brilliant yellow to whitish colour of the sandstone,
which is typical of a freshly eroded rock surface. ¢ A detail of the inner
part of the rock shelter displaying strong erosion due to bioturbation
(limits indicated by the arrows). d Evidence of thermal shattering on
the vault (arrows)

Table 1  Distribution of artefacts with colour residues, by cultural phase
Phase Age® Lumps/raw Grinding  Stones with coloured residues Other items with Painted items Total
equipment coloured residues
bp BCE LGS UGS Knapped Stone Smoothed Bone Wood Ceramic Rock wall Slab Pebble
stone stone fragment

LAl 8900-8500 8300-7500 1 5 0 0 0 0 0 0 0 0 0 6
LA2 8500-7900 7590-6650 3 26 4 1 0 0 0 0 1 0 0 43
LA3  7900-7400 7000-6100 2 45 17 4 2 1 1 1 0 0 0 0 73
EP1  7400-6900 6400-5700 7 25 17 2 3 0 4 0 0 0 1 0 58
EP2 69006400 5890-5300 4 8 6 0 0 0 2 0 0 0 0 0 20
MP1 6100-5500 52004250 2 3 0 1 0 0 0 0 0 0 0 10
MP2  5500-5000 4450-3700 3 22 5 3 1 0 1 0 1 0 0 1 37
LP1 50004000 3900-2350 O 4 1 1 0 0 0 0 0 1 0 1 8
Total — - 22 139 57 14 8 1 8 1 1 2 1 2 256

LA Late Acacus, EP Early Pastoral, MP Middle Pastoral, LP Late Pastoral, LGS lower passive grinding stone, UGS upper active grinding stone

#Uncalibrated years bp (for the full set of C14 dates, see Cherkinsky and di Lernia 2013: Calibration has been done using OxCal Online v. 4.1 by Bronk
Ramsey 2009 indicating the largest interval)
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Fig. 3 Lumps and residues of
colour on grinding equipment.
Lumps: a L12 phase EP1, b L16
phase EP2 and ¢ L11 phase EPI1.
Grinding equipment—LGS: d
GE63 phase LA3 and e GE72
phase LA3, and UGS: f GE155
phase LA3, g GE170 phase EP1
and h GE181 phase EP1. Photo
by S. Giovannetti

The site underwent extensive and stratigraphic exca-
vations from 2003 to 2006 (Biagetti and di Lernia 2013;
Cherkinsky and di Lernia 2013; Cremaschi et al. 2014).
The terrace was first occupied by Late Acacus foragers
from around 8900 to 7400 uncal bp (subdivided in three
distinct units: LA1, 2, 3; see Table 1). Early Pastoral
groups entered the site around 7400 uncal bp (EP1).
Besides the use of the shelter as living area, there was
a systematic use of the site as burial ground until the
end of the EP2 phase, around 6400 uncal bp (Tafuri
et al. 2006; di Lernia and Tafuri 2013). Middle
Pastoral herders fully exploiting cattle resources are sig-
nalled in the site from around 6100 uncal bp (MP1) up
to the mature phases (MP2). The last phases of occupa-
tion are marked by the presence of Late Pastoral
groups, from around 5000 to 4500 uncal bp (LP1).

Unfortunately, the parietal art of this site, as in many rock
shelters, is no longer preserved (but for the few items

collapsed from the vault). The vault is in fact characterized
by an irregular and friable surface, the outcome of several
millennia of weathering, also in relation to its opening to the
west, which is strongly exposed to the dominant winds, rich in
abrasive dust (Fig. 2).

Materials and methods
Methods of excavations, sampling and inventory

The excavation followed standard stratigraphic tech-
niques, supported by the digital post processing, in a
3D environment, of archaeological contexts and mate-
rials (Biagetti and di Lernia 2013). All the materials
showing traces of colour have been positioned through
an electronic total station (ETS).
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The sampling was planned on the basis of the following
criteria: (i) colour range (using the Munsell® Soil Color Chart,
see ESM 1), (ii) materials and blanks, and (iii) stratigraphic
contexts and cultural phases. In order to minimize damage, the
removal of coloured residues was carried out on grinding
equipment and other stone materials only. Sampling was car-
ried out in Libya by manual scratching with a metallic blade of
an area of about 2020 mm. The powder was immediately
sealed in sterile vials, then transported in Italy, for which all
the necessary permissions granted by the Libyan Department
of Antiquities to Sapienza University of Rome had been
obtained.

The inventory of pigment lumps and items with coloured
residues is reported in ESM 1. Each item was labelled (ID)
with its position (square), type of archaeological context
(following Biagetti and di Lernia 2013) and cultural phase.
Category and type of artefacts are detailed, together with
raw material used, state of preservation and colour of the res-
idues (using the Munsell© Soil Color Chart code). The state of
preservation varies from 1 (fragments <25 % of the original
size) to 4 (intact, or still >75 % of the original size). The area
of coloured residues on the surface of the artefacts is expressed
with values from 1 (<25 % of the surface) to 4 (>75 % of the
surface).

Chemical analyses

Nineteen lumps of pigments and 49 coloured residues on ar-
tefacts were investigated by means of different analytical pro-
cedures, such as Fourier-transform infrared (FTIR) and
Raman spectroscopies, X-ray powder diffraction (XRD) and
visible—near-infrared (NIR) reflection spectroscopy. Scanning

electron microscopy—energy dispersive X-ray (SEM-
EDX) analysis was used to identify the pigment on an
avifauna bone. Gas chromatography—mass spectrometry
(GC-MS) was employed to analyse the possible organic
components of ten pigment lumps and of residues of
colours on three different artefacts. Methodological as-
pects are detailed in ESM 2.

Results

The archaeological assemblage: contexts, taphonomy
and features

Coloured items or traces of colour have been identified on
several classes of materials throughout the archaeological se-
quence (Table 1): (i) raw materials, (ii) grinding equipment, (iii)
stones with coloured residues, (iv) other items with coloured
residues (bone, wood, pottery) and (v) painted items. The dis-
tinction between artefacts with coloured residues and painted
items is quite labile, largely due to their state of preservation.
Here, we followed a conservative approach, labelling as
“painted” only those items with clear evidence of total coverage
and/or depiction (e.g. horns and zoomorphic figures).

Raw material

Twenty-one lumps of coloured material have been brought to
light (Fig. 3; ESM 1), mostly of reddish (n=12), and yellowish
(n=9) colour. Usually of round shape, these crumbly and sticky
lumps are small in size (up to 60 mm). They are present from
the first occupation at Takarkori (absent in the Late Pastoral).

Table 2  Frequency of grinding equipment, including items with residues of colour, by cultural phase

Lower grinding stones

Upper grinding stones

n %" Items with coloured residues n %* Items with coloured residues

n %° %" on phase’s assemblage n %° %° on phase’s assemblage
LAl 15 33 5 3.6 333 3 1.7 0 0 0.0
LA2 75 16.5 26 18.7 34.7 24 13.6 8 11.9 333
LA3 120 26.4 45 324 37.5 51 29.0 17 27.0 333
EP1 94 20.7 25 18.0 26.6 35 19.9 17 31.3 48.6
EP2 31 6.8 8 5.8 25.8 17 9.7 6 10.4 353
MP1 15 33 4 29 26.7 8 4.5 3 7.5 375
MP2 86 18.8 22 15.8 25.6 33 18.8 5 10.4 152
LP1 19 42 4 29 21.1 5 2.8 1 1.5 20.0
Total 455 100.0 139 30.5 - 176 100.0 57 324 -

#The value shows the incidence of grinding tools within the cultural phase

® The value shows the incidence of grinding tools with coloured residues within the cultural phase

¢ The value indicates the ratio between grinding stones with coloured residues and the total of grinding tools of each cultural phase

@ Springer
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Table 3  Distribution of lower grinding stones with colour by archaeological contexts, phase and state of preservation

Pit Hearth® Ash accumulation ~ Simple stone structure® Complex stone strucure®  Organic sand  Total

LGS UGS LGS UGS LGS LGS UGS LGS UGS LGS UGS LGS UGS
LAl 1 2 2 5 0
1 (<25 %) 1 2
2 (25-50 % 1 1
3 (50-75 %)
4 (75-100 %) 1 1 2
LA2 2 2 3 3 13 1 8 2 26 8
1 (<25 %) 1 5 11 1
2 (25-50 %) 1 5 5 1
3 (50-75 %) 1 1 2 3 1
4 (75-100 %) 1 1 6 1 1 2 7 5
LA3 6 1 16 8 3 16 7 45 17
1 (<25 %) 4 8 1 13 1 28 2
2 (25-50 %) 1 1 1 1 2 3 5
3 (50-75 %) 1 3 3 1 1 8 1
4 (75-100 %) 5 6 1 3 6 9
EP1 1 1 1 11 8 3 9 8 25 17
1 (<25 %) 1 10 7 1 18 2
2 (25-50 % 1 1 1 2 1
3 (50-75 %) 3 1 2 1 5
4 (75-100 %) 4 2 5 4 9
EP2 1 6 8 6
1 (<25 %) 6 0
2 (25-50 % 1 1
3 (50-75 %) 1 1 1 1
4 (75-100 %) 1 4 1 4
MP1 1 2 1 1 2 4 3
1 (<25 %) 1 1 0
2 (25-50 % 1 1 1 1
3 (50-75 %) 1 1 0
4 (75-100 %) 1 2 1 4
MP2 1 1 1 4 16 4 22 5
1 (<25 %) 1 11 1 12 0
2 (25-50 % 1 2 1 2 4 1
3 (50-75 %) 1 3 1 3 3
4 (75-100 %) 1 1 1 1 3 1
LP1 2 2 1 4 1
1 (<25 %) 1 1 0
2 (25-50 %) 1 1 0
3 (50-75 %) 1 1 0
4 (75-100 %) 1 1 1 1

LGS UGS LGS UGS LGS LGS UGS LGS UGS LGS UGS LGS UGS
Total 2 1 11 3 34 20 27 2 61 30 139 57

#Simple or structured
® Stone line, accumulation, arrangement

¢ Enclosure, platform, hut
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Lumps are generally found in organic sands, more rare-
ly from stone lines (EP1, n=3), floors (LA2, n=1) or
ash accumulations (LA3, n=1). A naturally bi-coloured
(white-red) nodule from EP1 layer shows traces of
scraping (item L12). It is one of the pebbles found in
the gravel bodies surrounding the Acacus massif and
originating from the erosion of the shales belonging to
the Tanezzuft Formation; the external white colour cor-
responds to a natural weathering rind. This item was
likely used as raw material and therefore included here.

The grinding equipment

We unearthed more than 600 passive lower and active up-
per stones (Table 2; ESM 1). Their frequency is particularly
high during LA3 and EP1, but recycling and reuse must be
considered. Apart from the raw material used—always local
quartzarenite with slightly different textures—shape, size
and state of preservation greatly vary. However, intact
(larger and heavier) lower stones appear to be more fre-
quent in the Late Acacus levels (2 and 3), even if heavy
(possibly reused) items are present also in EP2 ad MP2
layers.

Coloured residues on the grinding equipment are common,
nearly 1/3 of the assemblage: 139 passive lower stones
(30.5 %) and 57 active upper stones (32.4 %) show traces of
a vast range of red, yellow, orange, pink and white colours,
plus a series of grading tones and sometimes a mix of different
colours on the same artefact (Fig. 3; Table 2). We signal the
fairly high incidence of upper grinding stones with traces of
coloured residues in the EP1, where ca. 50 % of the artefacts
show the presence of one or more colours. Such a high fre-
quency of artefacts with coloured residues during the Early
Pastoral reflects indeed a cultural aspect, given their wide-
ranging distribution across the excavated area (Fig. 4). It could

also be related to the presence of burials, although the highly
disturbed nature of the inhumation area prevented a secure
association of some of these coloured items with a particular
burial (di Lernia and Tafuri 2013).

From a taphonomic perspective (Table 3), grinding stones
are either discarded (primary refuse) or de-functionalized and
recycled in stone structures. In fact, most of the fragmented
passive stones were found in organic sand (n=61; 43.9 %),
followed by reuse of larger items in simple (2=34; 24.5 %)
and complex stone structures (n=27; 19.4 %), including struc-
tured hearths (n=11; 7.9 %). The most intact, largest (>30 cm)
and heaviest lower grinding stones, fully covered with colour,
are present in all phases. Several of them were included
as building elements (Fig. 4), such as the main struc-
tures of LA3 (squares T-Q/18-21) and LA2 phases
(squares P-Q/15-16).

The upper grinding stones feature a different distribution
by archaeological context. They are common in organic sand
(n=30; 52.6 %), followed by their use within simple stone
structures (n=20; 35.1 %), also including the stone accumu-
lation approximately 1 m in depth next to the vault of the
shelter, where many discarded objects are accumulated. In this
case, understanding their spatial distribution is made difficult
by the sin- and post-depositional disturbance processes, par-
ticularly several burials, which affected the area (di Lernia and
Tafuri 2013).

Most of very fragmented grinding stones (value 1<25 %;
see also ESM 1 for details of preservation values) are likely
abandoned after breakage (the remains of colour normally do
not cover the fracture), with a significant exception for the
LA2 and LA3 phases, where some items (between 4.8 and
6 %) have been used for pigment preparation in a quite
fragmented state (Table 4). A similar pattern can be envisaged
for grinding stones with a preservation value of 2 (between 25
and 50 %) for the contexts dated to LA3 and EP1.

Table 4 Presence of colour over the fractures/edges of grinding stones, by phase and state of preservation

State of 1 (<25 %) 2 (25-50 %) 3 (50-75 %) 4 (75-100 %)
preservation
Colour over No Yes No Yes No Yes No Yes
fracture/edge
LAl 2.4 0 3.7 0.0 0.0 0.0 1.8 1.8
LA2 9.5 4.8 222 0.0 10.3 34 19.3 1.8
LA3 29.8 6.0 222 7.4 27.6 34 26.3 0.0
EP1 22.6 1.2 3.7 7.4 6.9 13.8 22.8 1.8
EP2 6.0 1.2 0.0 3.7 6.9 0.0 8.8 0.0
MPI 1.2 0.0 7.4 0.0 0.0 34 53 0.0
MP2 7.1 7.1 14.8 3.7 10.3 10.3 7.0 0.0
LP1 1.2 0.0 3.7 0.0 34 0.0 1.8 1.8
Number 84 27 29 56

of items
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The disturbance processes due to the repeated use of the
shelter and the opportunistic use of grindings tools, often
reused and recycled, make difficult any spatial analysis.
However, we can isolate at least four principal concentrations,
which can be cautiously interpreted as remnants of processing
areas. Two main concentrations can be envisaged during the
LA3 phase (Fig. 4a). In the squares R-T/21-24 and S-U/29-32,
we found clusters of grinding elements together with lumps of
minerals and stone tools with coloured residues. An interest-
ing distribution comes from the contexts dated to MP2
(squares S-V/28-30—Fig. 4c): fragments of lower and upper
grinding stones, a lump of mineral, a stone scraper with red
colour, a bird bone with drops of red colour and a broken red-

Fig. 5 Other artefacts with traces
of colour. Lithics: a SC3 phase
LA2, b SC4 phase LA2, ¢ SC12
phase MP2, d SC13 phase MP2
and e SC23 phase LA3. Bones: f
OIC1 phase LA3, g OIC2 phase
EP1, h OIC6 phase EP2, i OIC7
phase EP2, j OIC3 phase EP1, k
OIC4 phase EP1, 1 OICS phase
EP1 and m OICS8 phase MP2.
Ceramic: n OIC10 phase MP2.
Photo by S. Giovannetti
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painted pebble. However, another significant distribution is
evident in the Northern Sector, where since the earliest Late
Acacus occupation phases (LA1 and LA2), lumps and lower
grinding stones seem to be strictly associated. The widespread
presence of grinding stones, during the EP1 (Fig. 4b), with a
majority of active upper items, is also a noteworthy evidence
of a functional use no more recognizable.

Other artefacts with coloured residues

Some traces of pigments were found on stone artefacts
and other items such as bone, wooden and ceramic tools
(Table 1; Fig. 5; ESM 1). The lithic tools are mainly
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flakes of silicified sandstone and show traces of red or
yellow pigment, sometimes on both faces (ventral and
dorsal), together with striations and use-wear traces vis-
ible at naked-eye, which suggest their use as scrapers.
They are found in most cultural phases (but for LA1 and
EP2) and in different stratigraphic contexts. A significant
concentration is present in an accumulation of straw of the
LA2 phase (ESM 1). No other spatial configuration is
visible. One fragment of a stone ring made of shale
(SC11), from an MP2 context, shows a few traces of red
pigment on one surface, combined with striations and
other use-wear traces, likely a residue from scraping. In
a discard area of the LA3 phase, a fragmented thin plaque
on shale (SC23: Fig. 5¢) was found, showing traces of red
colour. This artefact also features two holes, a series of
notches on the edge and striations caused by scraping on
both sides.

Fig. 6 a Tool made from Acacia
wood with ochre. SEM
photographs showing b the
surface with ochre (much lighter)
and ¢ transverse section: diffuse-
porous wood; vessels solitary and
in radial rows of up to 4-5. d
Vessel pits vary from oval to slit-
like apertures. e A gum-like
deposit is visible into the vessel

Spot| WD | Mag
oyl g7 lad oo lannny

Eight bone artefacts of different phases (LA3 = n. 1,
EP1 = n. 4, EP2 = n. 2, MP2 = n. 1), mostly found in
organic sand, also bear traces of red colour. Two of them,
a pointed projectile bone (OICI: Fig. 5f) and a
fragmented pointed item (OIC6: Fig. 5h), which were
found discarded in ash accumulations, are extensively
coloured in red. A circular flat bone disk ornament
(OIC2: Fig. 5g) is coloured with red on both faces.

Interestingly, four of the bone artefacts exploited bird
bones. These are light, sharp and pointed and show a few
traces of pigment, either on the pointed tips or in the form of
tiny drops on their surface (Fig. 5j-m).

A stick made of Acacia wood with remains of red
pigment was found in a LA3 layer (Fig. 6; ESM 3).
Unlike the spatula of Calotropis wood found at Uan
Afuda (di Lernia 1999), which shows controlled burning
and smoothing on the ends with thick traces of red

20.0um 200.0pm
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Fig.7 Painted artefacts and other
engraved stones. Rock wall
fragments and engraved slab: a
PI1 phase LA2, b P12 phase LP1
and ¢ PI3 phase EP1 (the
rectangle indicates the position of
the painted horn on the opposite
side). Other engraved stones of
EPI phase (d, e). Painted pebbles:
f P14 phase MP2 and g PIS phase
LP1. Photo by S. Giovannetti

colour on one end and likely to have been used for
painting, the stick from Takarkori seems to be a
coloured item. As a matter of fact, even if poorly pre-
served, the remains of the red pigment are discontinu-
ously present on all the external surface of the stick.

Fig. 8 Digital enhancement of
the painted rock wall fragment
PI2: a original image, the black
contour line shows the analysed
area, b DStretch colour
enhancement and ¢ tracing of the
highlighted paintings. Photo by S.
Giovannetti; DStretch processing
by M Gallinaro

@ Springer

A pierced and smoothed small ceramic ring with a
leather string still in its functional position was found in
the organic sand of MP2 phase (OIC10: Fig. 5n). This
personal ornament shows pale traces of bright brown
colour on both sides.
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Painted items

The retrieval in the archaeological deposits of slabs with traces
of painting or engraving is not common. At Takarkori, the
rock shelter wall is heavily eroded. Despite careful examina-
tion of all the stones, only two in fact show red coloured areas
likely representing painted subjects, from LA2 and LP1 con-
texts (Fig. 7a and b: P11 and P12; Table 1; ESM 1). They both
are fragments of the vault. The former is a tiny fragment (ca.
5x7x1.8 cm) found scattered in the organic sand, showing
unintelligible traces of red colour. The other element comes
from a shallow pit close to the wall, consisting of a sub-
triangular-shaped slab (30.5%35x%8 cm). The most abundant
trace of red colour extends from one end to the middle of the
slab. The painting is barely visible, but the DStretch digital
enhancement of faded colours (Harmann 2005-2013) was
helpful (Fig. 8). Two superimposed subjects can be tentatively
identified. The first is in plain red and appears to be a zoomor-
phic figure (ovicaprid?); the other is a linear trait, in pale red,
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Fig. 9 FTIR spectra of yellow lump L9 (a), yellow pigment on grinding
equipment GE27 (b), red lump L14 (c) and red pigment on stone SC16
(d). Wavenumbers are reported for bands characteristic of goethite and
hematite. Spectra are also reported for kaolinite (e) and quartz (f), to be
compared with those of the pigments (b—d), where bands due to the two
minerals are well evident. (circle) Calcium oxalate hydrate and (diamond)
potassium nitrate (see text)

possibly a semi-ovaloid line, and is superimposed on the an-
imal. Even if the subjects are scarcely recognizable, the style
of the zoomorphic figures and the uncertain contour line seem
to suggest a chronological attribution to later pastoral phases.

One slab with a series of engraved horns also features a
painted horn on the opposite face (Fig. 7c: PI3). It was located
out of the main excavation area sticking out of the Early
Pastoral age (EP1) deposit. Other two stones with engraved
horns were brought to light during the excavation, both of
Early Pastoral age, supporting the chronological attribution
of the engraved/painted one (Fig. 7d, ¢). Two pebbles fully
covered with red colour come from MP2 and LP1 contexts

(Fig. 71, g).
Chemical analyses
Pigments

Lumps of raw material Yellow lumps proved to be composed
of goethite «-FeO(OH), as an almost pure constituent or in
mixture with kaolinite and quartz: Figs. 9 and 10 show respec-
tively the characteristic FTIR and Raman bands of goethite
(Gadsden 1975; van der Marel and Beutelspacher 1976; de

a
[Lo]
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aq ®

Intensity (a. u.)

200 300 400 500 600 700
Raman shift (cm™)

Fig. 10 Raman spectra of yellow lump L22 (), yellow pigment on
grinding equipment GE135 (b), red lump L3 (c¢) and red pigment on
wooden stick OIC9 (d). Wavenumbers are reported for band
characteristic of goethite and hematite. In order to compare the relative
band intensities and bandwidths observed for the red pigments, the
spectrum of &-Fe,O3 (e) is also shown. For a, A =676 nm; for b—e,
Aexe=785 nm

@ Springer



394

Archaeol Anthropol Sci (2016) 8:381-402

O

Counts

10 20 30 40 50 60
20 (degrees)
Fig. 11 Powder X-ray diffractograms of reddish-orange lump L20 (a),
red lump L21 (b), red pigment on grinding equipment GE131 (¢) and red
outer layer of red-yellow lump L8 (d). 4 hematite, g goethite, j jarosite, k
kaolinite, ¢ quartz, a anatase, m mica

Faria et al. 1997; Bikiaris et al. 1999; Mortimore et al. 2004),
observed in the spectra.

Due to the superposition of FTIR bands typical of hematite,
at 570550 and 468 cm™ !, with those due to kaolinite at 540
and 472 cm™ ' (Gadsden 1975; van der Marel and
Beutelspacher 1976), the presence of hematite in the red-
coloured lumps can be inferred from FTIR spectra only by a
greater intensity ratio between spectral components around
500 cm ' and those around 1000 cm ™' in comparison with
what was observed for kaolinite and quartz (Fig. 9),
invariantly detected in such lumps. For some of them,
Raman spectra could be acquired (Fig. 10) and showed bands
characteristic of hematite (de Faria et al. 1997; Bikiaris et al.
1999; Mortimore et al. 2004); otherwise, positive identifica-
tion of the pigment was provided by XRD analysis (Fig. 11)
and visible-NIR reflection spectra, exhibiting an edge at about
550 nm, a shoulder around 640 nm and a minimum at ca.
860 nm (Morris et al. 1985).

For the analysis of red lumps, it is worth noticing that for
most samples, the XRD pattern shows an inversion between
the intensities of (104) and (110) peaks, located respectively at
33.26° and 35.74°, in comparison with natural hematite
(Fig. 11). At the same time, in the corresponding Raman

@ Springer

spectra, the 406-cm™ "' band results to be stronger than the
297-cm”! one, again in opposition to the spectral pattern of
the natural pigment. These experimental data can be as-
sociated with a possible heating of goethite to obtain
the red pigment at a temperature not higher than
400 °C, as reported in the literature both for Raman
spectra (Kustova et al. 1992; de Faria and Lopes
2007) and X-ray diffractograms (Pomies et al. 1998;
Udda et al. 2000). In the case of Raman spectra, other
authors (Gialanella et al. 2011) did not observe a vari-
ation in the relative intensity of the strongest bands of
hematite when it was obtained from the heating of goe-
thite, but just a broadening of the peaks, as well observed
however in the spectra here reported for the red lumps. In any
case, it was pointed out that the observed spectral features
most properly indicate disordered hematite, which can also
be associated with natural ores (Onoratini and Perinet 1985;
Pomicgs et al. 1998) or arise from other causes such as biodeg-
radation and weathering (de Faria and Lopes 2007).

Among lumps of pigmented materials, two exceptions are
represented by samples L20 and L8. The first one, of dark-
reddish brown colour (Munsell® colour 2.5YR 3/4), is com-
posed of jarosite KFe;(OH)4(SO,4), and hematite, as evi-
denced by the FTIR spectrum, where bands characteristic of
jarosite were observed (ESM 4), and by XRD analysis, show-
ing also peaks due to hematite (Fig. 11). The second sample
had instead a yellow core surrounded by a red shell, and the
core was found to be pure goethite from FTIR and Raman
spectra, while the external layer contained both disordered
hematite and goethite as shown by FTIR and XRD analyses
(Fig. 11). Even if biodegradation or weathering cannot be
ruled out, this particular sample could indeed represent a prod-
uct of intentional but incomplete heating of a goethite lump,
likely to transform the ochre from yellow into red.

Grinding equipment and stones with coloured residues For
pigment residues sampled from grinding stones, FTIR spectra
showed bands due to kaolinite, quartz and frequently calcium
oxalates and/or nitrates (Fig. 9). In the case of yellow pig-
ments, goethite was invariably identified through FTIR spec-
troscopy and, when not hindered by fluorescence, also on the
basis of the Raman spectrum (Fig. 10). In red pigments, he-
matite could be easily recognized only when sufficient quan-
tities of sample were available and then only by means of
XRD for the reasons mentioned above (Figs. 9 and 11).

Other items with coloured residues The presence of hematite
was finally confirmed also on two particular objects showing
traces of red colour, namely the Acacia stick (sample OIC9)
and an avifauna bone (sample OIC3).

The identification on the wooden stick was possible on the
basis of the Raman signals (Fig. 10), again with an intensity
inversion between the two bands located at lower
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Fig. 12 a Avifauna bone OIC3 with red pigmented area (shown by the
arrow). b SEM image (backscattered electrons) of the area in the square
inset. ¢ X-ray map of Fe in the same area. An evident correspondence is

wavenumbers. Moreover, a broad signal around
635 cm ' is observed in the spectrum, which is similar
to the overall pattern reported in the literature for goe-
thite heated at temperatures ranging from 250 to 350 °C
(de Faria and Lopes 2007), even if in this case, the
above-cited band appears at the higher wavenumber of
657 cm '. A band around 635 cm ' also appears, even
if at weaker intensity, in the Raman spectra that could
be obtained for some red lumps.

With regard to the red-stained avifauna bone, a
Raman spectrum of the pigment could not be obtained,
but the coincidence between the coloured area and the
distribution of iron on the bone surface was demonstrat-
ed on the basis of X-ray maps obtained by SEM-EDX
analysis (Fig. 12).

Organic components The sticky consistence of some of the
pigment lumps prompted us to investigate the presence of
organic components in ten samples (ESM 2). The GC-MS
analysis of the extracts yielded a total weight fraction of fatty
acids in the examined lumps from 100 to 200 ug g~' (Table 5).
A comparable content of lipids was determined in archaeolog-
ical ochre pastes from Patagonia, dating to about 2000 years
BP (Maier et al. 2007).

observed among the red pigmented area on the object, the bright area in
the SEM image and the region with higher Fe content in the X-ray map

Moreover, the distribution of free fatty acids in our sam-
ples, also obtained from GC-MS analysis, showed two differ-
ent patterns (Table 5 and Fig. 13), both different from that
found for soil samples from the excavation site (usually large-
ly dominated by palmitic acid Cy¢.9 and stearic acid C,g. in
comparable amounts).

For six samples (L2, L3, L6, L7, L10 and L20), palmitic
acid is predominant, while stearic acid is contained in a 1:2
ratio with respect to palmitic acid; tetradecanoic acid Cy4.¢ or
dodecanoic acid Cj,.o follow in order of abundance. The lipid
extracts of all these samples also contain appreciable amounts
of oleic acid C;3.;. We encountered this distribution also for
organic residues absorbed in potsherds from Takarkori and,
together with the presence of a homologous series of n-al-
kanes, from C;¢4 to C33 (odd-over-even carbon number pre-
dominance), it was considered diagnostic of plant oils (Dunne
et al. 2012). It should be remarked, however, that for the
pigment lumps, very limited amounts of n-alkanes were de-
tected, with a prevalence of even carbon number terms.
Moreover, appreciable quantities of dicarboxylic acids were
observed just for sample L20.

A completely different distribution of fatty acids was en-
countered for the lipid extracts of the remaining four samples
(L14, L16, L19 and L21), characterized by a remarkably high

Table 5 Relative weight percentages of fatty acids and weight fraction of lipid extract as determined by GC-MS for ten pigment lumps

Samples Fatty acid relative percentage Lipid concentration
(ngg )
Co.o Cio0 Ciio Ci2o Ciao0 Ciso Ciso Ci70 Cisa Cisa Ciso
L2 2.0 3.6 29 7.0 11.1 115 339 6.5 0.0 5.3 16.0 137
L3 1.8 35 25 79 12.9 11.4 29.6 6.3 0.1 6.9 17.2 99.9
L6 7.0 6.1 6.7 12.5 10.2 6.9 334 47 0.0 22 10.3 134
L7 5.5 3.5 0.9 52 9.0 5.9 36.2 1.7 0.2 13.1 18.6 122
L10 3.1 33 2.0 7.5 9.7 5.6 28.9 1.9 0.8 16.2 21.0 209
Li4 29.6 13.6 7.4 13.8 5.2 39 13.2 1.5 - 2.5 9.3 162
L16 12.6 10.6 54 10.0 10.8 7.8 17.4 2.6 0.3 11.8 10.7 81.0
L19 14.6 10.5 7.3 12.7 8.3 5.8 19.7 2.3 0.2 6.7 12.1 122
L20 42 53 6.0 16.1 12.7 8.1 25.9 3.2 - 2.9 15.6 206
L21 36.2 17.2 8.5 10.6 3.7 23 9.9 0.7 0.1 1.6 9.2 135
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Fig. 13 Total ion current (TIC) chromatograms of the total lipid extract

of'sample L10 (a) and sample L14 (b). C,,., fatty acid with n carbon atoms
and x double bond. Components are present as their TMS esters

relative percentage of nonanoic acid Cy.(, resulting in the pre-
vailing component (or the second one in order of abundance).
Moreover, especially for the two samples containing higher
amounts of nonanoic acid, the ratio C;g.o:C;¢.9 increases to-
wards 1 and the amount of oleic acid C;g.; decreases in com-
parison to the previously discussed group of lumps. The abun-
dance of nonanoic acid is quite unusual for lipid residues in
archaeological findings, but it has been reported for large pot-
tery vessels dating to 900720 BC, found in Syria and there-
fore in a similar arid environment (Shimoyama et al. 1995). It
should be emphasized that, from a general point of view, the
aridity of the context favours the preservation of shorter chain
fatty acids (Regert et al. 1998; Copley et al. 2001, 2005). For
those findings, it was suggested that nonanoic acid formed
upon degradation of oleic acid, a process demonstrated to be
favoured by the heating of oleic acid itself in the presence of
clay minerals (Shimoyama et al. 1993). More generally,
nonanoic acid was documented in the literature as oxidation
product of oleic acid (Mittet 1980; Mills and White 1994).
The peculiar distribution of fatty acids reported for this
second group of pigment lumps could therefore be attributed
to a different or more degraded fat or oil, if compared to the
first group. Recently, a catalytic effect of iron oxide on the
degradation of vegetable and animal fats was indeed sug-
gested (D’Elboux Bernardino et al. 2014). However, the hy-
pothesis that those samples were subjected to heating, inten-
tionally or accidentally, cannot be discarded. Quite interest-
ingly, all the four lumps with a large content of nonanoic acid
are red-pigmented, thus suggesting the possibility that lumps
of yellow pigment, previously mixed with a fat or an oil, were
subsequently heated to change their hue into red.

@ Springer

The fatty acid distribution was analysed qualitatively also
for two other pigment samples, one from a grinding equip-
ment and the other from a painted pebble (Table 6), resulting
quite different from that of the lumps. Indeed, comparable
amounts of palmitic and stearic acid, rather low quantities of
medium-chain acids and similar amounts of dicarboxylic
acids, were detected for these samples. The organic compo-
nent of pigments from other grinding stones could not be
investigated, due the low quantities of such samples.

The ten lumps examined for their lipid content were also
analysed by GC-MS to check the presence of a proteinaceous
component through their amino acid distribution. In all cases,
a really low weight percentage of amino acids was detected,
ranging from 0.005 to 0.04 % and therefore one to two order
of magnitude lower than the amounts usually accepted in the
literature as indicative of the presence of a proteinaceous bind-
er (Rampazzi et al. 2002, 2007). Thus, the protein component
of the examined samples seems to be practically negligible.

For comparison, one sample from a red area of the painted
slab (sample PI2) was analysed for the possible presence of a
proteinaceous organic binder. The protein content of the sample
was 4 %, and the amino acid distribution indicated the use of a
casein-based binder, most probably derived from milk, as evi-
denced by a comparison based on linear discriminant analysis

animal glue

2" discriminant function
1
00)
]

-10
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Fig. 14 Plot of the first two discriminant functions for the weight
percentages of 14 amino acids (alanine, glycine, valine, leucine,
isoleucine, proline, methionine, serine, threonine, phenylalanine,
aspartic acid, hydroxyproline, glutamic acid and tyrosine) in the
fragment of rock paint PI1, compared with reference painting samples
containing proteinaceous binders
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Table 6  List of artefacts with traces of colour subjected to chemical analysis

ID

Phase

Type

Residues of colour

Chemical analysis

L1
L2
L3
L5
L6
L7
L8
L9
L10
L11
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
GE1
GE2

GE8
GE17
GE26
GE27
GE28
GE31
GE38
GE39
GE59
GE60
GE61
GE63
GE65
GE67
GE68
GE72
GE73
GE74
GE76
GE80
GE%4
GE96
GE99
GE111
GE112
GE113

LAl
LA2
LA2
LA3
LA3
EP1
EP1
EP1
EP1
EP1
EP2
EP2
EP2
EP2
MP1
MP1
MP2
MP2
MP2
EP1
LAl
LAl

LA2
LA2
LA2
LA2
LA2
LA2
LA3
LA3
LA3
LA3
LA3
LA3
LA3
LA3
LA3
LA3
LA3
LA3
LA3
EP1

EP1

EP1

EP1

MP1
MP1
MP1

Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lumps of raw material
Lower grinding stone

Lower grinding stone

Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone
Lower grinding stone

Yellow

Yellow

Red

Yellow

Red

Red

Dark yellowish brown

Dark yellowish brown

Red

Yellow

Dusky red

Dark reddish brown

Dark reddish brown

Red

Yellow

Yellow

Dark reddish brown

Dark reddish brown

Dusky red

Dark brown

Dull yellow

Light bluish grey;
yellow; weak red

Light yellow

Red

Purplish grey; pale yellow
Brown

Dark reddish brown

Red

Brownish yellow

Weak red

Pale red; light yellow
Greyish red

Greyish red

Dusky red; bright brown
Pale red; brownish yellow
Bright brown—pale red
Pale red; pale yellow

Pale red; pale yellow
Light red; bright yellowish
Purplish grey; yellow
Reddish brown

Red

Reddish brown; dull yellow
Bright brown—pale red
Light reddish brown

Dark reddish grey
Reddish yellow; bright yellowish
Reddish brown

FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD,
FTIR, Raman, XRD?
FTIR, Raman, XRD*

FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD*
FTIR, Raman, XRD?*
FTIR, Raman, XRD?*
FTIR, Raman, XRD?*
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?*
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD*
FTIR, Raman, XRD?*
FTIR, Raman, XRD?*
FTIR, Raman, XRD?*
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?*
FTIR, Raman, XRD?
FTIR, Raman, XRD?
FTIR, Raman, XRD?*

visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
visible-NIR, GC-MS
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Table 6 (continued)

ID Phase Type Residues of colour Chemical analysis
GEI117 MP2 Lower grinding stone Greyish brown FTIR, Raman, XRD*
GE118 MP2 Lower grinding stone Light yellowish brown FTIR, Raman, XRD*
GE125 MP2 Lower grinding stone Pale red FTIR, Raman, XRD?*
GE126 MP2 Lower grinding stone Weak red; yellowish brown; FTIR, Raman, XRD*
light bluish grey
GE127 MP2 Lower grinding stone Purplish grey; yellowish grey FTIR, Raman, XRD*
GE130 MP2 Lower grinding stone Weak red; pale yellow FTIR, Raman, XRD*
GE131 MP2 Lower grinding stone Red FTIR, Raman, XRD?*
GE132 MP2 Lower grinding stone Red FTIR, Raman, XRD*
GE135 MP2 Lower grinding stone Red FTIR, Raman, XRD*
GE137 LP1 Lower grinding stone Dusky red; light bluish FTIR, Raman, XRD*
grey; yellow
GE140 LA2 Lower grinding stone Red FTIR, Raman, XRD*
GE148 LA3 Lower grinding stone Reddish brown FTIR, Raman, XRD"
GE152 LA3 Lower grinding stone Red FTIR, Raman, XRD*
GEI153 LA3 Lower grinding stone Bright brown FTIR, Raman, XRD*
GE155 LA3 UGS Red FTIR, Raman, XRD*
GE166 EP1 Upper grinding stone Yellowish red FTIR, Raman, XRD*
GE171 EP1 Upper grinding stone Yellowish brown FTIR, Raman, XRD*
GEI185 EP2 Upper grinding stone Weak red FTIR, Raman, XRD?*
SC12 MP2 Knapped stone with colour Red FTIR, Raman, XRD?*
SC13 MP2 Knapped stone Yellowish grey FTIR, Raman, XRD*
SC16 LA2 Stone with colour Red FTIR, Raman, XRD*
SC17 LA3 Stone with colour Yellow FTIR, Raman, XRD*
SC18 LA3 Stone with colour Red FTIR, Raman, XRD*
SC20 EP1 Stone with colour Red FTIR, Raman, XRD?*
SC21 EP1 Stone with colour Yellow FTIR, Raman, XRD?*
P14 MP2 Painted pebble Reddish brown FTIR, Raman, XRD*
PIS LP1 Painted pebble Reddish brown FTIR, Raman, XRD*
PI1 LA2 Fragment of painted Reddish brown GC-MS
rock wall
OIC3 EP1 Bone with colour Red SEM-EDX
OIC9 LA3 Wooden stick Dark red Raman

*GCMS was used to determine the fatty acid distribution for samples GE155 and P14

with a series of painted films containing different binders pre-
pared in our laboratory (Fig. 14; ESM 2). Also, the distribution
of fatty acids in the sample was examined qualitatively, resulting
to be significantly different from those observed for the ochre
lumps and similar to that described above for the samples from
the grinding equipment and from the painted pebble.

Discussion
Origins of the pigments

Hematite and goethite are the most attested mineral pigments
used at Takarkori. The latter is largely available in the area,
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whereas hematite is less represented. The main sources of Fe-
bearing minerals are as follows (Fig. 2): (i) paleosols and
pedogenetic Fe-rich crusts, where they are related to clay min-
erals (Cremaschi and Trombino 1998; Zerboni et al. 2011), (ii)
Fe-rich strata of the local rock formations (Gale¢i¢ 1984;
Jakovlejeci¢ 1984), (iii) banded iron speleothems formed in
the tertiary (Zerboni et al. 2014). In one sample (L20), hema-
tite is associated with jarosite (KFe®*5(OH)s(SO4),), which is
a mineral never identified in the Tadrart Acacus and poorly
known from archaeological contexts in the central Sahara.
Some items of the Egyptian Old Kingdom from a British
Museum collection are known in literature, and in that case,
jarosite was considered as a pure mineral source rather than an
alteration product, as instead commonly proposed (Ambers
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2004). We interpreted the jarosite from Takarkori as an au-
tochthonous mineral; its formation may be related to post-
depositional processes and to the peculiar chemical properties
of the anthropogenic deposit of Takarkori. The latter is very
rich in organics, which also includes a large amount of sulphur
(di Lernia et al. 2012) and potassium (locally precipitated as
nitre), the latter originating from the diagenesis of wood ash
(Biagetti and di Lernia 2013; di Lernia and Tafuri 2013;
Cremaschi et al. 2014). Jarosite may have precipitated after
the weathering at low temperature of Fe hydroxides in the
acidic environment of the anthropogenic deposit (Bladh
1982; Keene et al. 2010).

Colour in context: pigments, tools and spaces

The analyses demonstrated that the pigments were treated
following specific processes, some of them archaeologically
and chemically identified: e.g. the addition of fatty substances,
intentional heating and dilution with liquids (water?). The
supporting elements were stones of different shapes and sizes,
all made from local quartzarenite. The grinding equipment
clearly reveals an opportunistic use and continuous activity
of recycling until discard. The colour on the stones, principal-
ly red, could potentially have covered the entire surface, and in
a few cases, both faces show residues of colour. Stone tools,
generally scrapers, were used to scratch the pigments and
grinding stones to crush them. The distribution of coloured
residues on the grinding equipment clearly shows that lower
and upper grinding stones have a similar trend according to
the cultural phases (Table 1; ESM 1); furthermore, it appears
that the former may have residues of different colours (up to
three), whereas the upper grinding stone normally shows only
one colour. These elements may suggest a multiple function
for the lower passive stones: not only as bases for crushing and
pulverization of the pigments but possibly also as “palette” for
the application of the paint itself (see Fig. 3d).

Chemical investigation of a fragment of the vault with a
faded painted subject of late pastoral age indicated that the
prehistoric artisans added casein to the pigments. In our case,
the combination of a rapid burial of the painted slab with the
vicinity of the vault may have prevented further contamination
processes and then favoured its preservation. Milking is well
attested in the region, as shown by residue analysis on
Takarkori potsherds, at least from the Middle Pastoral
(Dunne et al. 2012). This is not the first time that Acacus
artworks yielded evidence for the use of binders, either casein
or albumin (Mori 1965; Mori et al. 2006). This is indeed a
debated issue, especially when compared to the evidence from
the neighbouring massif of the Tassili, where no traces of
binders have yet been found (Hachid et al. 2012). Also, in
the Wadi Sura area, the western Gilf Kebir in Egypt, it is not
clear if binders were added to ochre or alternatively, if their
preservation was heavily compromised (Krause et al. 2013).

Given the small size and weight of samples from grinding
stones, it has not been possible to test if some of them
contained traces of organic binder. Together with the state of
preservation and local taphonomic processes, this is still a
serious obstacle to fully understand this issue.

Notwithstanding the continuous reuses and reoccupations
of the same area through time, which make primary and func-
tional positions very difficult to detect, thanks to the extensive
excavations and the meticulous sieving of all the sediment, it
was possible to identify at least 4 “workshops” for ochre pro-
cessing, a rather rare evidence for this type of living site. They
date to different cultural phases (LA, EP and MP) and boost
our understanding of the ancient lifestyles of Takarkori
inhabitants.

Using colour: decorating objects, painting walls

Out of 256 artefacts with traces of colour, only 11 at Takarkori
are coloured (“passive”) objects: the three painted fragments
of wall (PI1, PI2, PI3), a couple of pebbles (P14, PIS), three
bone tools (OIC1, OIC2, OIC6), one wooden stick (OIC9),
one plaque in shale (SC23) and a ceramic ring (OIC 10). This
is to say that the archaeological record at Takarkori provides a
strong evidence and in-depth information about colour pro-
cessing (“active” elements) but scarce data on its final use
(“passive” elements).

In a sense, the chaine opératoire (if only one) seems to be
partially visible archaeologically, also because the walls of the
shelter have been extensively eroded by wind and any rock
paintings would have been completely lost.

Nevertheless, we have chemical evidence to show that
some of the lumps of minerals were processed using fats or
oils, while a proteinaceous binder was found in the fragment
of rock painting. We record a difference in the chemical dis-
tribution between lumps of minerals and pigment from rock
paintings. If this is effectively related to different functions of
the colours and not to weathering or degradation, then the
“sticky” lumps with addiction of fatty materials at Takarkori
are not connected to the parietal art, neither to the painting of
portable objects. Among the possible known uses of crushed
minerals—both ethnographically and archaeologically—we
recall here the consumption of ochre mixed with other ele-
ments such as medicine (Mahaney et al. 1993), the use as
mastic for hafting lithic tools and to repair wooden items,
the preparation (normally mixed with butter or milk) to protect
and/or decorate hair and skin (Rudner 1982; Wadley 2001),
funerary treatment (e.g. Roche 1963) and many others (see a
recent review by Rifkin 2011, 2012). At least at Takarkori,
very few lithic tools show traces of mastic (but no ochre
found), and no evidence is known from other Acacus and
Messak sites. The several inhumations buried in a recessed
part of the shelter, dated from ca. 8000 to 4500 uncal bp, show
no traces of ochre. The use of ochre in funerary contexts is a
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cultural habitus well known from Pleistocene and Early
Holocene contexts in Northern Africa (e.g. Belcastro et al.
2010; Mariotti et al. 2014) but completely absent in the
Acacus and Messak record (e.g. di Lernia and Manzi 1998;
di Lernia et al. 2012) and more generally in the larger Sahara.
Therefore, considering the lack of archaeological evidence for
the use of these sticky lumps, we should consider other func-
tions whose outcomes are perishable and/or invisible in the
archaeological record (e.g. medicine, hair and body decoration,
etc.). In this perspective, body decoration and body tattoos are
serious candidates but difficult to prove. The only circumstan-
tial evidence may come from pictorial details in many Round
Head and Pastoral paintings, where body decoration is com-
mon (e.g. Mori 1965; Sansoni 1994; Soleihavoup 2007).

If the lumps of minerals with a sticky consistence and small
size were used for particular purposes which have yet to be
defined, what was the function of the large quantity of pulver-
ized pigments found on the hundreds of grinding stones? In
our perspective, despite the absence of parietal art on the
Takarkori vault, abraded by millennia of severe erosion, the
most parsimonious explanation for such a massive presence of
coloured residues is indeed the making of parietal paintings.

Final remarks

The presence of coloured residues on artefacts from Holocene
sites in the Tadrart Acacus Mountains and surroundings is not
uncommon but mostly related to “active” items, i.e. artefacts
used to crush, grind, mix or spread the pigments. Yet, the rich
assemblage from Takarkori gives us the opportunity to recon-
struct the use of pigments over a long chronological interval,
from ca. 8900 to 4500 uncal bp, which encompasses different
foragers’ and herders’ cultural traditions. Given the outstand-
ing importance of Acacus rock art sites, there was in the past a
certain tendency to equate the presence of colour on artefacts
to parietal art (di Lernia 2012). Here, we have analysed dif-
ferent segments of the archaeological record, showing the
mechanisms of procurement and processing of pigments,
and their potential use. Ochre was shown to have been rea-
sonably used for personal use (especially the lumps mixed
with fat or plant oils), to decorate stones, slabs, bone, wooden
and ceramic artefacts, and very likely to prepare the basis for
the paint. However, for this last point, there is no definitive
evidence of the relation between the coloured residues on
grinding stones and parietal rock art. Furthermore, we have
no evidence of rock art on the shelter wall, but for the items
fallen and buried in the deposit, therefore, no taphonomic
process could be tested.

The rarity of coloured “passive” items, i.e. painted arte-
facts, the absence of stone tools showing the use of ochre as
adhesive and the lack of ochre on skeletal remains at the site
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sharply contrast against the simultaneous abundance of arte-
facts, especially grinding stones, with coloured residues. This
leads us to suggest a primary, but not exclusive, use of ochre
and other pigments found on the grinding stones as raw ma-
terials for parietal rock art. This is true for Takarkori, but it
might stand, we believe, for the entire Acacus area.

If this circumstantial reasoning were plausible, then we
should emphasize the wealth of artefacts with coloured resi-
dues already in the Late Acacus contexts, from around 8900
uncal bp. Approximately 100 grinding stones were used dur-
ing these phase to process the pigments and prepare the col-
ours. Even though the evidence is indirect, it seems likely to
relate this presence also to the making of parictal artworks.
The wooden spatula from Uan Afuda from an 8500-year-old
layer, with sticky reddish pigment on its edge and the grinding
stones with coloured residues from other Late Acacus con-
texts, such as Uan Tabu, Fozzigiaren and Ti-n-Torha, may
be considered as pieces of an ongoing puzzle (di Lernia
1999; di Lernia 2012; Gallinaro in press).

To conclude, despite the harsh, often acrimonious debate
which unfortunately characterized the research on rock art and
related aspects in the Sahara (Smith 2013), there is yet good
opportunities to understand how Holocene Saharans used
ochre and other minerals, not only for rock paintings but also
body care, tattoos and decoration of personal ornaments.
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