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Two traditional cosmetic clays bear similar names in different local South African languages: vumba 
(Tshivenda) and ubumba (isiZulu). The wet clays are applied topically for cosmetic purposes by the 
respective indigenous peoples. Six samples from two South African provinces were characterised using 
X-ray diffraction, X-ray fluorescence spectroscopy, Fourier transform infrared spectroscopy, thermal 
gravimetric analysis and scanning electron microscopy. It was found that the samples differed widely 
with respect to mineralogy and chemical composition. This finding raises the possibility that texture 
characteristics during application on the skin override composition effects. Of concern is the high levels 
of quartz found in all the samples as it might pose a health hazard; the lowest value for quartz was 11 wt% 
for vumba, while values for ubumba ranged from 26 wt% to 85 wt%. All samples contained varying 
amounts of silicates in the form of smectite, kaolin, chlorite and plagioclase. Minor amounts of anatase 
and rutile were present in some samples. Three samples also contained goethite. All samples were 
essentially free from the toxic elements As, Pb, Hg, Cd, Se and Sb. However, they did contain low levels 
of chromium and heavy metals such as Cu, Zn and Ni. The pH values of ubumba slurries were slightly 
basic, while those of a vumba slurry were slightly acidic. 

Significance:

• Wide ranges of composition appear to be acceptable.

• The clays do not contain highly toxic or radioactive elements.

• The high levels of quartz present may pose a human health risk.

Introduction
Throughout human history, clays and clayey soils have been used for religious, artistic, cosmetic and therapeutic 
purposes. For example, the utilisation of ochre, a clay stained by iron oxides, dates back to the Middle Stone Age. 
South Africa has a rich tradition in this regard. Evidence of human exploitation, also dating back to the Middle 
Stone Age, has been found at Klein Kliphuis1, the Blombos Cave2, Diepkloof Rock Shelter3 and the Sibudu Cave4. 
The practice of using ochre-like substances for topical cosmetic applications and other purposes persists to the 
present day. The red clay pastes are known as letsoku in Sotho culture and ibomvu among Nguni people and are 
used by both women and men in traditional ceremonies. This and other lighter-coloured clays apparently also serve 
as sunscreens.5

Clays find application as cosmetic products, i.e. applications in which the preparation is placed in contact with 
the outside of the human body, e.g. the skin, hair and lips.6 In this context ‘clay’ can refer to a mineralogical 
term. However, it may also denote a natural material composed of very fine-grained minerals that show some 
plasticity when mixed with an appropriate amount of water.7 The layered structure and colloidal size of the particles 
constituting the clay give rise to desired rheological characteristics and sorptive abilities, among others.7 Natural 
clays typically contain other minerals such as quartz, feldspars, carbonates, sulfates and iron, aluminium or 
titanium oxides. These minerals may affect the chemical (e.g. stability, purity), physical (e.g. texture, moisture 
content, particle size) and toxicological requirements specified for each clay application.7 Particular attention is 
paid to the presence of silica as there is sufficient evidence to suggest that it is a potential carcinogen. To avoid 
requirements for labelling that provides safety information, the silica content must be less than 0.1%.7

Traditional clays, used among indigenous people in the Eastern Cape Province of South Africa, have been studied 
extensively.5,6,8-11 However, there are few reports dealing with the nature and properties of the yellowish-grey clays 
that are also used primarily for cosmetic purposes. Interestingly, letsoku is usually supplied as a dry powder, whereas 
other clays, colloquially known as vumba and ubumba in the rural areas, are supplied in a wet form and provide a 
skin moisturising effect. This communication provides information on the nature and chemical composition of the 
latter two clays sourced from KwaZulu-Natal and Limpopo Provinces, respectively. This information is relevant for 
assessing the suitability of these cosmetic clays for more widespread commercial distribution.12

Materials and methods
Materials and sample preparation
The wet light brown to grey clay samples were sourced from three different sites in two South African provinces. 
The clays were supplied by traditional healers and are reportedly sold locally for topical cosmetic applications, 
although health benefits are also claimed. In some cases, different samples with distinct properties were supplied 
from the same general deposit. Details of the sampling locations are given in Table 1. 
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Table 1: Location of the clay deposits sampled

Sample Location GPS coordinates

U1, U2, U3
River pond near Mtubatuba  
(KwaZulu-Natal)

28.4167°S, 32.1833°E

W1, W2 Nongoma (KwaZulu-Natal) 27.8833°S, 31.6333°E

V1 Mbaleni wetlands, Venda (Limpopo) 30.4906°S, 22.9603°E

The wet clay samples were supplied packaged in clear polyethylene bags 
by the traditional healers who sell the products for topical applications. 
They were transferred into polyethylene bottles. Portions were dried at 
50 °C overnight before being milled into fine powders (<75 μm) in a 
milling unit fitted with a tungsten carbide vessel.

Characterisation
X-ray diffraction (XRD) measurements were performed at the Department 
of Geology (University of Pretoria) on a PANalytical X’Pert PRO X-ray 
diffractometer in q-q configuration, equipped with Fe-filtered Co-
Ka radiation (λ = 1.789 Å) and an X’Celerator detector and variable 
divergence and fixed receiving slits. Samples were prepared according to 
the standardised PANalytical back-loading system, which provides nearly 
random distribution of the particles. The data were collected in the angular 
range 5°≤2θ≤90° with a step size of 0.008° 2θ and a 10-s scan step 
time. The phases were identified using X’Pert Highscore plus software. 

The relative phase amounts (weight %) were estimated by the Rietveld 
method using Autoquan/BGMN software (GE Inspection Technologies; 
Kleeberg & Bergmann) which employs the fundamental parameter 
approach. Autoquan combines the analytical potential of BGMN with 
an ‘easy to operate’ user surface. In the Rietveld method, an observed 
data pattern is compared with a calculated pattern. By varying all the 
parameters the difference between the calculated and observed patterns 
is minimised by a least squares procedure, until the best possible fit is 
obtained. The background was fitted by the polynomial order which was 
determined automatically, depending on the angular range.

X-ray fluorescence spectroscopy (XRF) analyses were performed at 
the Department of Geology (University of Pretoria) on powders milled 
to a fine particle size (<75 μm). The moisture content was determined 
by weighing an accurate mass of approximately 3 g of powder into an 
alumina crucible. The crucible was then heated in an oven at 100 °C 
for 2 h. Thereafter the dehydrated samples were roasted at 1000 °C 
overnight. A sample mass of 1 g of the residue was fused with about 6 g 
of lithium tetraborate at 1050 °C for metal oxide determination. The trace 
metals were determined on samples bound with poly(vinyl alcohol) and 
pressed into powder briquettes. 

Scanning electron microscopy (SEM) was performed in the Laboratory 
for Microscopy and Microanalysis (University of Pretoria), on the 
powders. Sample powders were lightly sprinkled onto small stubs of 
double-sided adhesive carbon tape. Compressed air was used to 
remove any excess powder. The morphology of the carbon-coated 
powders was studied with a Zeiss Ultra-55 field emission scanning 
electron microscope fitted with an InLens detector at an acceleration 
voltage of 1 kV.

Attenuated total reflection Fourier transform infrared (ATR–FTIR) spectra 
were recorded on an in-house Perkin Elmer Spectrum 100 Series 
instrument. The spectra represent averages of 32 scans over the wave 
number range 500–4000 cm-1.

Thermogravimetric analysis (TGA) was performed on an in-house Perkin 
Elmer TGA 4000 unit. Alumina crucibles were used and the sample size 
was about 40 mg. Temperature was scanned from 25 °C to 950 °C at 
10 °C/min with air flowing at 50 mL/min. 

The cation exchange capacity of the clays was determined using 
the pH-dependent methylene blue halo method adapted from Kahr 
and Madsen13. 

Results and discussion
The X-ray diffractograms presented in Figure 1 indicate that the materials 
are complex mixtures of various minerals. The mineral compositions 
derived from the XRD data are summarised in Table 2. According to 
the main mineral phases present, samples V1 and U1 are smectitic 
clays with major admixtures of quartz and minor amounts of kaolin and 
plagioclase. In contrast, all the other samples are composed primarily 
of quartz with intermediate amounts of kaolinite and plagioclase. All 
samples contain minor amounts of the recalcitrant titanium dioxide, i.e. 
rutile and anatase. Only samples U1, U3 and W1 contained goethite, 
which also explains their yellowish colour. An unexpected and surprising 
observation is the high compositional variability of the samples. This 
variability extends to the samples sourced from effectively the same 
locations. This finding leads one to speculate that factors other than 
mere compositional aspects determine the suitability of the clays for their 
intended purposes. Perhaps the subjective texture experience during skin 
application and use might be more important. In the wet, as-supplied 
form, all samples had a smooth creamy feel when rubbed between the 
thumb and index finger. However, they also featured varying degrees of 
grittiness. Sample W2 was particularly gritty, probably because of the 
presence of silica particles. 
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Figure 1: X-ray diffractograms obtained for pulverised clay samples.

Table 2: X-ray diffraction derived mineral content (wt%) estimated using 
Autoquan software 

Mineral
Sample 

V1 U1 U2 U3 W1 W2

Kaolinite 1:1 7.9±0.9 4.3±0.6 12.8±1.1 10.7±0.8 35.9±1.4 –

Smectite 2:1 67.3±1.6 58.0±1.1 – – – –

Chlorite 2:1:1 5.6±0.9 – – – – 7.4±0.5

Plagioclase – 5.05±0.75 34.4±1.4 23.7±0.7 – 7.0±1.0

Epidote 6.0±0.6 – – – – –

Quartz 11.0±0.5 26.1±0.6 47.3±1.3 61.2±1.0 46.9±1.3 84.5±1.0

Anatase 2.2±0.2 1.1±0.1 5.5±0.5 1.1±0.1 5.4±0.5 –

Rutile – – – – 2.7±0.6 1.2±0.3

Goethite  – 5.5±0.4 – 3.3±0.3 9.0±0.8 –
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A significant finding is that all samples contained substantial amounts 
of quartz. The quartz content varied from 11.4 wt% in sample V1 to 
84.5 wt% in sample W2. According to Khiari et al.14, a quartz content 
above 15 wt% is cause for concern, even for topical applications, as 
there is sufficient evidence of quartz carcinogenicity. 

The chemical composition results in Table 3 confirm the high silicon 
content expected in view of the silica and the silicate minerals present 
in the samples. In particular, it confirms the very high quartz content 
of sample W2. Sample V1 shows the highest iron content, despite the 
fact that it apparently contains no goethite. At first this appears to be 
a contradiction. However, iron-rich smectites containing even higher 
amounts of iron have been reported.15 

Table 3: Metal oxide content (wt%) determined by X-ray fluorescence 
spectroscopy and loss on ignition results

Metal 
oxide

Sample

V1 U1 U2 U3 W1 W2

SiO2 42.4±0.4 52.8±0.4 47.6±0.4 53.9±0.4 46.8±0.4 78.2±0.4

TiO2 2.00±0.03 1.75±0.03 2.11±0.03 1.73±0.03 2.19±0.03 0.80±0.03

Al2O3 19.6±0.3 14.3±0.3 18.2±0.3 15.1±0.3 20.4±0.3 7.76±0.3

Fe2O3 21.8±0.3 16.5±0.3 16.8±0.3 16.7±0.3 15.6±0.3 5.30±0.3

MnO 0.13±0.01 0.13±0.01 0.07±0.01 0.10±0.01 0.05±0.01 0.07±0.01

MgO 1.0±0.1 1.3±0.1 0.85±0.1 1.39±0.1 0.66±0.1 0.48±0.1

CaO 1.76±0.07 2.24±0.07 2.58±0.07 0.90±0.07 0.79±0.07 0.84±0.07

Na2O 0.11±0.11 0.39±0.11 0.90±0.11 1.06±0.11 1.11±0.11 0.70±0.11

K2O 0.06±0.06 0.24±0.06 0.10±0.06 0.20±0.06 0.11±0.06 0.76±0.06

P2O5 0.06±0.08 0.04±0.08 0.03±0.08 0.05±0.08 0.01±0.08 0.01±0.08

Cr2O3 0.05±0.01 0.05±0.01 0.04±0.01 0.05±0.01 0.03±0.01 0.02±0.01

V2O5 0.07±0.00 0.06±0.00 0.08±0.00 0.06±0.00 0.08±0.00 0.02±0.00

ZrO2 0.02±0.00 0.04±0.00 0.06±0.01 0.06±0.01 0.05±0.01 0.06±0.01

Loss 
on 
ignition

12.06 11.01 11.92 9.63 12.10 4.94

The trace metals detected by XRF are listed in Table 4. Fortunately, all 
the samples are essentially free of the toxic elements As, Pb, Hg, Cd, 
Se and Sb. However, they do contain low levels of chromium and other 
heavy metals such as Cu, Zn and Ni. They do not contain detectable 
levels of the radioactive elements uranium and thorium. Strontium (Sr) 
(30–98 ppm), zirconium (Zr) (172–387 ppm) and yttrium (Y) (10–44 
ppm) are present in substantial amounts. The stable form of Sr is not 
radioactive and it does not pose a significant human health risk at the 
levels detected. However, Zr and Y do pose a radioactive risk. Future 
studies should investigate whether the potential toxic elements are 
readily exchangeable or strongly bound to the mineral structures.

Additional data on the materials are presented in Table 5. Dispersion of 
sample V1 in water rendered it slightly acidic, but all the other samples 
produced a slightly basic pH. Clays used in cosmetics are usually fairly 
basic with the pH ranging from pH 7 to 10.5.7 Literature reports indicate 
skin pH values ranging from pH 4 to 7, but ‘natural’ skin actually has a 
surface pH just below 5.6,16 Apparently this pH is beneficial for the natural 
resident flora.7 Application of clay-based cosmetics could make it too 
alkaline which could cause the skin to become too dry and sensitive, and 
may even result in eczema. So care is advised when using the present 
clays in skin applications for extended periods of time.

Table 4: Trace metal content determined by X-ray fluorescence 
spectroscopy 

Element (ppm)
Sample

V1 U1 U2 U3 W1 W2

As 0 0 7 0 0 2

Cu 226 97 107 92 122 38

Ga 25 19 29 22 27 7

Mo 0 0 0 0 0 0

Nb 4 8 14 8 11 6

Ni 133 111 87 71 88 31

Pb 0 0 0 0 0 0

Rb 0 9 8 9 6 34

Sr 60 57 38 98 30 44

Th 0 0 0 0 0 0

U 0 0 0 0 0 0

W* 1 9 9 1 6 88

Y 31 29 44 34 41 10

Zn 71 50 41 49 43 29

Zr 172 279 387 350 351 317

*Semiquantitative estimates

Table 5: Cation exchange capacity, estimate of upper bound for organic 
content and pH

Sample

V1 U1 U2 U3 W1 W2

CEC (mEq/100 g) 30 31 37 37 35 19

TGA organics (wt%) 8.9 6.3 6.6 6.3 6.2 2.6

pH 6.1 7.9 9.1 8.0 8.7 8.6

CEC, cation exchange capacity; TGA, thermogravimetric analysis

The fairly significant loss on ignition values (9–12%) (see Table 3) 
suggest the presence of organic material. In some cases, when soil 
samples were heated in air, mass loss was observed in the TGA traces 
over the temperature range 200–500 °C (Figure 2). This mass loss often 
is associated with the oxidation of any organic substances present.17,18 
However, goethite decomposes into haematite at about 300 °C.19 The 
mass loss resulting from the corresponding loss of water is 10.0 wt%. 
Taking this loss into account, an upper bound for the organic content of 
the materials was determined and these values are listed in Table 5. The 
apparent organic content varied from 2.6 wt% for sample W2 to 8.9 wt% 
for sample V1. 

However, the absence of any bands near 3000 cm-1 in the FTIR spectra 
shown in Figure 3 suggests that very little, if any, organic material is 
actually present. The spectra can be fully explained by the presence of 
inorganic components in terms of previous observations.20-23 The O-H 
asymmetric stretching occurs around 3700 cm-1, probably as a result 
of the presence of the surface and internal OH groups of the Al-OH in 
the octahedral sheets. This band is lacking in the spectrum of sample 
W2, confirming the XRD result of the absence of kaolinite. The band at 
3660 cm-1 is attributed to water OH bending vibrations23, but there is 
only a very shallow dip in the spectrum of sample W2. The absence of 
a band located at 1230–1280 cm-1 implies the absence of amorphous 
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silica. Si-O stretch vibrations are observed at 1000 cm-1.23 The bands 
near 920 cm-1 are typical for Si-O stretching and Al2O-H deformations 
in the aluminium silicate, i.e. kaolinite.20 The bands at 1100 cm-1 are 
assigned to Si-O and those at 1025 cm-1 to Si-O planar stretching. The 
bands around 775 cm-1 and 750 cm-1 can be attributed to the Al-O-Si 
inner surface vibration. The bands at 800 cm-1, 775 cm-1 and 690 cm-1 
in the spectrum of sample W2 are typical for quartz.21 
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Figure 2: Thermogravimetric analysis mass loss curves for clay samples.
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Figure 3: Attenuated total reflection Fourier transform infrared (ATR–

FTIR) spectra of clay samples.

V1, U2 and U3: smectite platelets; U3: kaolin flakes; W1: a titanium dioxide crystal on top of quartz agglomerates; W2: quartz agglomerate

Figure 4: Scanning electron micrographs showing the morphology of powder particles. 
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The powder particles present in each individual clay sample exhibited 
various morphologies. The scanning electron micrographs in Figure 4 
show only some selected particle morphologies found in each of the 
clay samples. However, in all cases, flake-shaped particles and highly 
agglomerated structures comprising small roundish sub-particles are 
present. The former reflect the presence of the phyllosilicates (kaolin, 
smectites, etc.), while the latter represent the other minerals present 
(silica, goethite, anatase, rutile, etc.).

Conclusion
We analysed clay samples sourced via traditional healers from 
Mtubatuba and Nongoma in KwaZulu-Natal and from Mbaleni in 
Limpopo, South Africa. These clays, known as vumba and ubumba, are 
supplied in a wet state and are reportedly used as topical cosmetics 
with health benefits. XRD analysis revealed a surprising variability in 
the mineralogical composition of the clays, even in samples taken from 
the same deposit. This implies that the actual application is robust with 
respect to clay composition. XRF analysis showed that the samples 
were free from radioactive elements and the toxic elements As, Pb, Hg, 
Cd, Se and Sb. However, they did contain low levels of chromium and 
other heavy metals, e.g. Cu, Zn, Ni. A disconcerting discovery is the 
high silica content, ranging from 11 to 85 wt%. Even though the intended 
purpose relates to topical applications, these levels may pose a certain 
health risk.
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