
 

 

WDXRF Analysis of White Colour Pigments Used by Ancient Artistsin Central 

Tanzania Rock Paintings 

 

ABSTRACT 

In central Tanzania, there are large numbers of ancient rock paintings which have been drawn 
mostly on shelter rocks. Different colours were used in the paintings including white paint. 
The pigments and the material used by ancient artists in making these colours were not 
known. This studyaimed to determine the composition of the white colour and suggests the 
pigments and materials used in making the white colour. A technique namely WDXRF was 
used to determine the composition of white paint in order to suggest the pigment used while a 
CHN elemental analyser was used to determine the presence and amount of organic carbon in 
the samples. Samples used in WDXRF were of two types, paint samples which contain both 
colour pigments and the rock on which the paintings were drawn and the rock sample which 
is the part of the rock on which the paintings were drawn.Theresults from the analysis of the 
rock sample were compared to the results of the analysis of the paint sample. White colour 
was found to be from chalk (CaCO3) and gypsum (CaSO4X2H2O). Both pigments were found 
to contain some amount of organic carbon in different concentration. Organic carbon in the 
pigment is related to the use of organic binders during the preparation of the colour.  

 

INTRODUCTION 

During prehistoric times people used to leave their marks for the purpose of marking either a 

territory or track indicating the source of food or water by means of scratching trees or rocks 

using stones. By doing so they discover some materials which can do better especially when 

mixed with some medium such as water (Barnett et al.2005). Painting started during this time 

and basically, colours were discovered during this time. In some known early civilized areas 

like Egypt, colours were used for spiritual purposes, healing and decoration (Haynes 1992). 

Nubians in Sudan, who had occupied the middle part of the river Nile valley since around 

6000 BC used to paint and curve rocks in order to keep records of their way of life and their 

travel (Haynes 1992). Ancient artists used pigments which were dug directly from the earth. 

For example, one of the most known ancient works is that of Lascaux, believed to have been 

painted 15 millennia ago. The most common colours which can be obtained directly from the 

earth are white, black, red and yellow (Ball 2001). Charcoal from firewood and soot from 

burning animal fat were also the source of black colour. These colour pigments were mixed 

with different binders before they were applied. It is believed that wax, egg, water and tree 

resin were used by ancient artists from Egypt and Rome (Barnett et al. 2005).  

Central Tanzania has a large number of ancient rock paintings spreading from the Singida 

region to Dodoma region. The colour used in the paintings from Kondoa-Irangi in Dodoma 

region are white (which constitutes 59%), red (which constitutes 32%), yellow (which 



 

 

constitutes 8%), black (which constitutes 2%) and Bichrome Images (which constitute only 

0.1%) (Bwasiri and Smith 2015).  Also, the same colours were used in Singida rock paintings 

but their quantity was not well documented. The materials used to make the rock paintings 

for all colours are not yet known; although for black colour charcoal is suggested (Bwasiri 

and Smith 2015).  Kessy (2005) noted that the chemical constituents of the material used for 

white paintings in Kondoa-Irangi are not yet known. Similar paintings found in South Africa 

are said to have been made from silica, clay and gypsum (Hall et al. 2007). Several 

researchers have worked on these drawings, some explained the authorship of the drawings 

(Kessy 2011), some explained the meaning of these drawings and some even related the 

drawing with time (Massao 1976). However, the elemental composition of the pigments used 

by the ancient artists and the preparation of these colours is not well explained. 

The paintings in Kondoa-Irangi are now considered as World Heritage but analysis of the 

composition of the pigments used and those of Singida in central Tanzania has not yet been 

done. Most of the archaeological researchers suggest the nature of the pigments basedon the 

remains excavated from the shelter rocks.  Bwasiri and Smith (2015) have shown the 

presence of white kaolin around the rock painting sites so they suggest that white pigment is 

from kaolin but there is no direct evidence which links the white paints with kaolin. That 

means there is a need to scientifically determine the composition of the pigments in the white 

colour used in the ancient paintings of Singida and Kondoa-Irangi rock paintings. The results 

will show clearly the elemental composition of the white colour pigments used in Singida and 

Kondoa-Irangi rock paintings. Knowing the chemical composition of archaeological samples 

is important to make a suitable conservation study (Kaplan et al. 2014). 

The information from this study can help in preservation and restoration if needed. The 

elemental composition of the paintings can be used as a guide to scientific dating since the 

method of dating depends on the elemental composition of a given sample. The chronology 

of most pigments used by the ancient artists is well known, so knowing the elemental 

composition of a colour used in a particular painting will lead to pigment characterization of 

major and minor constituents and allows provenance, age and authenticity of the artefact 

(Calzaet al. 2005). San rock art in South Africa was dated following the identification of 

black pigment as carbon black (Bonneau et al. 2012). The results from this study will 

significantly support our history and depict the trend of our civilization 

MATERIALS AND METHODS 

Description of the Study Area 



 
Dodoma and Singida are among the regions of central Tanzania in which most of Tanzania's 

rock paints can be found(Massao 1976).In this study rock art sites situated inMkalama district 

in the Singida Region and Kondoa district in Dodoma region were used in sample collection. 

In Singida region Mkalama district samples were collected from three sites namely Mnyeti, 

Kinyingogo and Isumbirira. These sites are located about 108 km from Singida town by using 

Singida - Iguguno - Gumanga - Mkalama road. KondoaIrangi rock art sites are located 9 km 

east of Dodoma Babati highway and approximately 20 km from Kondoa town. The area of 

Dodoma region, Kondoa district, bounded by the latitude 4° 26′ 49″S and 4°43′28″S and 

longitude 35° 43′ 02″E and 35°50′02″E contain about 400 painted sites (Bwasiri and Smith 

2015) from about 150 rock shelters which are nominee of the UNESCO and cover an area of 

about 2336 km2. 

Figure 1: Map showing sample collection sites 

 

Sample CollectionFromthe Site 

Samples were collected from Singida region in Mkalama district and Dodoma region in 

Kondoa district. In Mkalama district three sites namely Mnyeti, Kinyingogo and Isumbirira 

were used. These sites were selected because the caves are really shelter caves and they are 

rich in drawings. In Kondoa district samples were collected from KondoaIrangi rock art sites 

at Pahi Juu. Since the paintings in KondoaIrangi are highly protected, the sites for sample 

collection were selected by the authority of that place. 

After identification of the places where paint samples were going to be collected, the areas on 

the rocks containing the paints were cleaned to remove upper contaminants like cobwebs and 



 

 

other dirties. Then the steel blades were used to remove a small amount of paint, which was 

removed with parts of the rock and stored in a plastic container. The containers were then 

closed tightly, labelled and stored. A small portion of the rock where the paints were drawn 

but at a place where there are no paints was also collected and labelled as ground. All 

samples were labelled according to their place of collection. 

Sample Preparation 

General Sample Preparation 

The samples collected contained large particles which were not suitable for WDXRF analysis 

and so they required to be grounded to a very fine powder. In order to avoid contamination 

with the grinding instrument, a grinding stone was made from the rock like those rocks from 

where ancient paints were drawn, for grinding the sample to reduce the size of large particles. 

It was easy to use hand-held hummer to grind the sample particle to a small size but it was 

seen that a hummer can introduce some contaminants which are not originally from the 

sample and so alter the results. 

After grinding the sample with the stone, a pestle and motor were used again to grind the 

sample to get more small particles and then the samples were taken to an electric tungsten 

grinder in order to get a very fine powder which can be used for analysis in WDXRF.  

Sample Preparation for WDXRF 

In order to analyse samples by using WDXRF, the samples have to be prepared in pellet 

form.  

A small amount of powdered sample was mixed with a verysmall amount of wax and 

homogenized. Then powdered boric acid of the same amount as the sample was measured 

and placed at the bottom of the pressing machine. The powdered boric acid acted as a sample 

plate and on top of the powdered boric acid the mixture of the sample and wax was placed. A 

semi-automatic pressing machine was then set for pressing. The machine was adjusted to 

press the sample with a force of 210 kN. After pressing, a small pellet was formed which was 

labelled and then taken to an oven to be dried. After drying, the pellets were taken to the 

WDXRF machine ready for measurements. 

Sample Preparation and Acidification for CHN Elemental Analyzer 

All the samples were ground again to a very fine powder, homogenised and dried. The 

inorganic carbon was removed from the sample by acidification; where 2 ml of hydrochloric 

acid was added to 1 to 1.7 g of the sample. After acidification, the sample was dried in an 

oven for overnight. The samples were folded on aluminium foil after being dried to avoid 

moisture and ready for elemental analysis.  



 

 

Measurements with WDXRF 

The analysis of the paint sample together with the rock samples, which were collected from 

the rocks from which the paints were drawn, was performed by using a WDXRF 

spectrometer from the XRF laboratory of African Minerals and Geosciences Centre (AMGC) 

at Kunduchi Dar es Salaam. The machine was Bruker S8 tiger model which was operated at 

Rh anode tube voltage of range between 32 to 60 kV and a current of 0.5 to 170 mA. The 

machine was operated by MDI SRS 3000 software called quant software. 

Measurements with CHN Elemental Analyzer 

The system was set up for measurement, the oxidation column was installed, and the ash 

catcher, the cupper column, and the water trap were also installed and inspected. 

The acidified samples were weighed in tin capsules. The tin capsule was pressed to remove 

the air and enclose the sample. The CHN analyzer was switched on. The gases were checked 

(helium and oxygen), and the instrument furnace and oven temperature were also checked. 

Then the samples were loaded in a sampler holder and the measurement was carried out. 

Minimum Detection Limit 

Minimum Detection Limit of WDXRF 

The minimum detection limit of an element is the lowest concentration of that element which 

the machine can detect due to the ability of the quantitative tool to distinguish the peak 

intensity from the fluctuation of the background intensity. The WDXRF machine which is 

Bruker S8 tiger model is capable of detecting elements from Boron to Uranium but with 

different detection limits. The detection limit of the machine was determined by using 

software known as geo-quant software by using Equation 1 below.  

ܮܦܯ = ଷ×஼೔
ூ೔ିூ್

ටூ್
்್

        [1] 

Where Tb is the background intensity measuring time. 

Table 1: The minimum detection limits of the elements for WDXRF used. 

Element MDL (ppm) Element MDL (ppm) Element MDL (ppm) 
Al 138.3 Mn 1.26 S 1.12 
Ba 7.12 Na 218.7 Sr 20 
Ca 4.64 Ni 0.08 Ti 5.0 
Cl 18.4 O 1.18 Zr 24 
Cs 4.7 p 0.50 K 10.2 
Fe 2.64 Rb 12.7 Si 134.4 
 

RESULTS AND DISCUSSIONS 

Results from WDXRF 



 

 

The results of the white colour sample were compared with the rock sample and the 

elemental composition of white pigments. 

The elemental compositions of different white pigments are listed in Table 2below. 

Table 2: Elemental compositions of different white pigments (von Bohlen 2004) 

White pigments 
Antimony white Sb2O3 White lead 2PbCO3 X PbCrO4  
Lithopone ZnO+BaSO4 Zinc white ZnO 
Kaolin  Al2Si2O5(OH)4  Chalk CaCO3 
Permanent white BaSO4 Gypsum CaSO4X2H2O 
Titanium white TiO2   
 

Minimum Detection Limit of CHN Elemental Analyzer 

The minimum detection limit for carbon for a sample which is about 2 to 3 mg is 0.02% 

which is equivalent to 0.6 µg/mg. The detection limit can be improved by increasing the 

amount of sample loaded in the machine. 

In this study, white samples were collected from Pahi, Mnyeti, Isumbirira and Kinyingogo. 

The results of the paint sample and rock sample (ground) are shown below 

Pahi Sample 

Table 3: The concentration (in %) of elements in the Pahi white paint sample and ground (rock 

sample) 

Element Pahi White  
sample 

Ground (rock 
sample) 

Element Pahi White  
sample 

Ground (rock 
sample) 

Al 4.53 4.96 O 45.3 45.37 
Ba 0.08 0.31 P 0.19 0.32 
Ca 6 1.76 Rb 0.09 0.11 
Cl 0.21 BDL Sc 0.07 0.03 
Cs 0.11 0.09 Si 29.49 31.37 
Cu 0.2 BDL S 1.06 BDL 
Fe 2.09 2.81 Sr 0.07 0.05 
K 9.94 12.21 Ti 0.29 0.29 
Mg 0.25 0.06 Zr 0.0084 0.01 
Na 0.2 0.26    
 

When these results are compared with the elemental composition of white pigments, it can be 

observed that from the above elements in Table 3, Al, Ba, Ca, Ti and S can make white 

pigments as can be seen in Table 2. 



 
Figure 2: Comparison of concentration of elements in white pigment and ground (rock sample) 

from Pahi site. 

 

Figure 2compares the concentration of white pigment elements in the paint sample and rock 

sample. It can be seen that no significant increase in concentration in the paint sample for Al, 

Ba and Ti compared to their concentration in the rock sample. The concentrations of Calcium 

and Sulphur in the paint sample are greater than their concentration in the ground (rock 

sample). The increase in concentration suggests that the white paints were from the 

compounds CaCO3 or CaSO4.  This means the pigments used were either Chalk or Gypsum.  

Gypsum (CaSO4X2H2O)is the most probable. 

Isumbirira Sample 

Table 4: The concentration (in %) of elements in the Isumbirira white paint sample and ground 

(rock sample) 

Element White 
Isumbirira 

Ground (Rock 
Sample) 

Element White 
Isumbirira 

Ground (Rock 
Sample) 

Al 4.4 2.29 Ni 0.01 0.02 
Ba 0.12 0.31 O 46.4 46.75 
Ca 2.9 1.94 P 0.12 0.08 
Cs 0.15 0.15 Rb 0.06 0.06 
Fe 2.54 2.56 Sc 0.06 0.02 
K 9.44 9.49 Si 32.36 35.26 
La 0.04 0.25 S 0.57 0.14 
Mg 0.09 0.15 Sr 0.03 0.03 
Mn 0.14 0.1 Ti 0.17 0.13 
Na 0.36 0.23 Zr 0.04 0.04 
 

From Table 4above, the elements Al, Ba, Ca, Ti and S can make white pigments as can be 

seen in Table 2.  
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Figure 3: Comparison of concentration of elements in white pigment and rock sample from the 

Isumbirira site. 

 

Figure 3 compares the concentration of white pigment elements in the white paint sample 

from Isumbirira and its rock sample. It can be seen that no significantincrease in 

concentration in the paint sample for Ba and Ti compared to the rock sample. The 

concentrations of Aluminium, Calcium and Sulphur in the paint sample are greater than their 

concentration in the ground (rock sample). The increase in concentration suggests that the 

white paints were from the compounds Al2Si2O5(OH)4,  CaCO3 or CaSO4.  This means the 

pigments used were either kaolin, chalk or gypsum. Kaolin (Al2Si2O5(OH)4) and gypsum 

(CaSO4X2H2O) are the most probable.  

MNYETI SAMPLE 

Table 5: The concentration (%) of elements in the Mnyeti white paint sample and ground (rock 

sample) 

Element White Mnyeti Ground (Rock 
Sample) 

Element White Mnyeti Ground (Rock 
Sample) 

Al 3.51 2.63 O 45.44 46 
Ba 0.32 BDL P 0.46 0.19 
Ca 12.51 4.12 Rb 0.05 0.08 
Cs 0.22 0.16 Sc 0.02 0.07 
Fe 2.45 2.9 Si 23.1 31.43 
K 6.03 10.11 S 5.23 1.5 
Mg 0.1 0.11 Sr 0.16 0.06 
Mn 0.12 0.07 Ti BDL 0.18 
Na 0.28 0.34 Zr BDL 0.03 
Ni BDL 0.02    
 

From the above elementsin Table 5,  Al, Ba, Ca, Ti and S can make white pigments. Table 2 

shows their chemical formula. 
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Figure 4: Comparison of concentration of elements in white pigment and ground (rock sample) 

from the Mnyeti site. 

 

Figure 4 compares the concentration of white pigment elements in the paint sample from 

Mnyeti and its rock sample. It can be seen that no significant increase in concentration in Ti 

and Ba in the paint sample compared to their concentration in the rock sample. The 

concentrations of Aluminium, Calcium and Sulphur in the paint sample are greater than their 

concentration in the ground (rock sample). The increase in concentration suggests that the 

white paints were from the compounds Al2Si2O5(OH)4,  CaCO3 or CaSO4. However the 

increase in the concentration of calcium is very large. This means the pigments used were 

either chalk (CaCO3) or gypsum (CaSO4X2H2O). Gypsum isthe most probable due to the 

presence of S. 

Kinyingogo Sample 

Table 6: The concentration (in %) of elements in the Kinyingogo white paint sample and 

ground (rock sample) 

Element White 
Kinyingogo 

Ground (rock 
sample) 

Element White 
Kinyingogo 

Ground (rock 
sample) 

Al 0.44 0.5 Na 0.98 0.94 

Ba 0.39 0.28 Ni BDL 0.08 

Ca 25.93 16.89 O 31.74 33.53 

Ce 0.1 0.21 P 0.61 0.07 

Cl BDL 0.02 Rb 0.18 BDL 

Cs 0.32 0.48 Sc 0.23 BDL 

Fe 11.64 13.85 Si 8.7 10.79 

K 15.53 17.83 S BDL 1.72 

La BDL 0.13 Sr 0.77 0.39 
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Mg 0.56 0.37 Ti 1.33 1.29 

Mn 0.55 0.47    

 

From Table 6above, elements Al, Ba, Ca, Ti and S can make white pigments as their 

chemical formula is showninTable 2. 

Figure 5: Comparison of concentration of elements in white pigment and rock sample from 

Kinyingogo site. 

 

Figure 5 compares the concentration of white pigment elements in the paint sample from 

Kinyingogo and its rock sample. It can be seen that no significant increase inconcentration in 

the paint sample for Al and Ti and a very small increase in Ba, but since S was not detected 

then Ba cannot make a white pigment. The concentration of Calcium in the sample is greater 

than its concentration in the ground. The increase in concentration suggests that the white 

paint was from the compound CaCO3.  This means the pigments used werechalk.  

Results from CHN Elemental Analyzer 

All samples from the Kondoa, Pahi site, contain some amount of organic carbon. Also, 

organic carbon was detected in all samples collected from Singida though very little amount 

of organic carbon was detected from the samples which were collected from Isumbirira rock. 

These results signify the assumption that there is a high probability that organic binders were 

used during the preparation of the colours.  

Table 7: The Concentration of carbon in paintings from different sites 

Sample Name % of Carbon in the paint sample 
Pahi white sample  0.240 
Isumbirira white sample 0.088 
Mnyeti white sample 0.394 
Kinyingogo white sample 0.396 
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CONCLUSIONS AND RECOMMENDATIONS 

This studysuccessfully usedthe nuclear technique in the identification of the pigments used by 

ancient artists in central Tanzania rock paintings. 

Gypsum (CaSO4X2H2O) and chalk (CaCO3) were identified as the most probable pigments 

used to make a white colour. Gypsum is the most probable and not Kaolin (Al2Si2O5(OH)4) 

as suggested by many archaeological researchers though still there is probability that kaolin 

was used insome areas to make white colour. Detection of a higherconcentration of calcium 

and sulphur in the white sample than in the ground (rock sample) is the reason to consider 

gypsum as the most probable pigment used for white colour than any other. 

The sample collected containsalarge amount of rock so the results obtained could be affected 

by the composition of the geochemical background. In situ analysis of the paints and a 

combination of different methods with the application of more sophisticated analytical 

instruments is recommended. 
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