
Abstract

In the late 19th century, Van Gogh like many painters would buy
ready-made artists’ materials. For matters of dating and authen-
ticity, it is interesting to distinguish the different formulations
and production batches, and to identify the nature and the source
of the materials used. This information is useful also to point to
different manufacturers, and is of relevance for studies of other
impressionists besides Van Gogh.

One of the materials used as paint extender is barium sulphate.
In its natural source, barite, barium can be replaced by strontium
in a continuous solid solution series from barite (BaSO4) to
celestite (SrSO4). In the process of making artificial barium sul-
phate most of the impurities are eliminated. Therefore, strontium
can be used as an indication of natural barium sulphate in paints,
and is potentially an interesting feature for discriminating differ-
ent sources of the natural mineral. 

Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS) and
NanoSIMS are surface sensitive instruments that combine mass-
spectrometric analysis with spatial resolution to give information
on both the inorganic and organic fractions of a sample. In this
paper we show their efficacy in the characterisation of the
ground paint and in particular of barite-celestite in a painting by
Van Gogh, Plaster Figure of a Female Torso (F216j, dated mid.
June 1886).

FULL PAPER

1. FOM-AMOLF, Kruislaan 407,
1098 SJ Amsterdam,
The Netherlands
2. Van Gogh Museum, Paulus
Potterstraat 7, 1071 CX
Amsterdam, The Netherlands
3. CAMECA, 103, Boulevard
Saint Denis, Courbevoie
92403, France

* corresponding author:
boon@amolf.nl

received: 06.11.2006
accepted: 19.12.2006

key words:
NanoSIMS, SIMS, Van Gogh,
ground paint, barite, strontium

e-PS, 2006, 3, 41-50
ISSN: 1581-9280 web edition
ISSN: 1854-3928 print edition

www.Morana-rtd.com
© by M O R A N A RTD d.o.o. 

B. MARINO
1, J. J. BOON

1 *, E. HENDRIKS
2, F. HORRÉARD

3, F. HILLION
3

1. Introduction

Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS) is a
powerful technique that allows the investigation of both the inorganic
and the organic fractions in a sample, and simultaneously combines
high spatial and mass resolution. TOF-SIMS has been used in a vari-
ety of applications in surface analysis of materials such as polymers
and semiconductors.1 SIMS also proved extremely useful and efficient
in the examination of the layer structure of paintings in paint cross-
sections.2 Its mapping capabilities allow the investigation of the
nature and the distribution of paint materials within individual paint
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layers, with a lateral resolution that is approxi-
mately 1 µm, depending on the image size. The
advantage of SIMS over other imaging analytical
techniques, such as SEM-EDX and imaging FTIR,
is that it can analyse both the inorganic and organ-
ic components of the paint, providing information
on the nature of both the pigment and the binding
medium. An important benefit of static SIMS in
probing the upper atomic layers of the surface is
that no structural damage is visible. As paint
cross-sections are single exemplars and are only
available in limited supply, the advantages men-
tioned above make SIMS particularly useful for
their study.

A new generation of ion microprobes is the CAME-
CA NanoSIMS 50, whose design ensures higher
sensitivity combined with higher lateral and mass
resolution.3,4 This technique finds various applica-
tions in biology5, material science6, geochemistry
and paleoceanography7. The high sensitivity and
mass resolution also allow precise isotopic ratio
measurement8. Ferreira et al.9 used NanoSIMS in
a multi-technique chemical microscopic study of
the ground and preparatory layers in a paint cross-
section from Descent from the Cross, a 15th-centu-
ry painting by Rogier van der Weyden.

In this paper we explore and compare the capabil-
ities of TOF-SIMS and NanoSIMS in the analysis
of paint materials in a cross-section taken from a
painting of Van Gogh’s Paris period Plaster Figure
of a Female Torso (F216j, dated mid. June 1886).
Apart from a general survey, special attention will
be given to barium sulphate (BaSO

4
). Barium sul-

phate is used as extender in paints to reduce the
production costs, as well as to improve the han-
dling properties of the paint. Natural barium sul-
phate is preferred as an extender in cheaper paint
preparations such as ground paints.10 In the natu-
ral source of barium sulphate, barite, barium can
be replaced by strontium in a continuous solid
solution series from barite to celestite (SrSO

4
).11

In the process of making artificial barium sulphate
a very pure product is obtained and most of the
impurities are eliminated12. Therefore, strontium
can be used as an indicator of natural barium sul-
phate in paints. In addition, it is potentially an
interesting feature for discriminating between dif-
ferent sources of the natural mineral.13 Like many
other natural crystals, barite-celestite exhibits
compositional oscillatory zoning, which consists of
a more or less regular alternation of barium- and
strontium-rich layers.14 Studies on barites and
barite-celestite solid solutions ((Ba,Sr)SO

4
-H

2
O)

indicate that a correlation exists between the
structural and physico-chemical characteristics of
barite and its depositional environment.15-18 The
improved feature discrimination by NanoSIMS
should allow an investigation of the distribution of
barium and strontium in barite particles, and the

characterization of their finer structural and sub-
structural details. 

2. Materials

2.1 Sample

The painting is made on cardboard, carton in
French sources, pre-primed with a pale-grey
ground of smooth (a lisse) surface texture. A pic-
ture of the painting is represented in Figure 1. An
original trade sticker surviving on the back of the
carton informs us that the support was purchased
from the shop of Pignel-Dupont, established at the
number 17 rue Lepic in Paris, just down the street
from the apartment of Vincent’s brother, where
Vincent moved in June 1886. The sample was
taken from along the bottom edge of the painting,
where paper tape has been removed. The sample
was embedded in polyester resin and polished
with Micromesh paper to expose the paint at the
surface and to achieve a flat surface.

2.2 Analytical techniques

2.2.1 Light Microscopy

Light microscopic images of the paint cross-sec-
tion were acquired with a Nikon DX1200 24-bit
colour digital still camera (Nikon Instech Co., Ldt.,
Japan) mounted on a Leica DMRX microscope
(Leica, Wetzlar, Germany). Images were obtained
under illumination provided by a 100 W tungsten-
halogen lamp in visible light, and by an Osram
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Figure 1: Plaster Figure of a Female Torso (F216j, mid. June 1886;
Van Gogh Museum, Vincent van Gogh Foundation, Amsterdam).



HBO 50W lamp and a Leica filter D (excitation
360-420 nm, emission > 460 nm) in UV light.
Images under visible light were acquired in reflec-
tion mode in dark field.

2.2.2 TOF-SIMS

The static SIMS experiments were performed on a
Physical Electronics (Eden Prairie, MN) TRIFT-II
TOF-SIMS. Before acquisition with SIMS, the paint
cross-section was carefully polished with increas-
ing grades of Micromesh paper (up to 12000
grade), in order to avoid peak broadening in the
mass spectra due to height differences of the sam-
ple surface, and to reduce effects of surface mor-
phology on the ion yields. The sample surface was
scanned with a 15 keV primary ion beam from an
In115 liquid metal ion tip. The pulsed beam was
non-bunched with a pulse width of 20 ns, a current
of 600 pA and a spot size of ~120 nm. The primary
ion beam was rastered over a 100 μm x 100 μm
area, and the secondary ion signal was collected
in an array of 256 x 256 points, each point collect-
ing a full mass spectrum. Measurements were
made both in positive and negative mode. In order
to prevent charge accumulation on the insulating
surface of the sample, the sample surface was
charge compensated by means of an electron
beam pulsed in between the primary ion beam
pulses. To prevent large variations in the extrac-
tion field over the sample surface, a non-magnetic
stainless-steel plate with a 1 mm-thick slit was
placed on top of the sample. The paint cross-sec-
tion was rinsed in hexane to reduce contamina-
tions of polydimethylsiloxanes.

TOF-SIMS data were obtained under conditions of
a sliding scale of mass resolutions (m/ΔM from 600
to 1500 over a mass range from 12 to 2000). The
spectra are represented as nominal mass plots.
Mass spectra were visualized at smaller mass
ranges around elements or fragments of interest.
Corresponding mass peaks were then carefully
manually selected, also in order to minimize over-
lapping with organic fragments in positive spectra,
and the resulting distribution maps plotted as
images. Distribution maps aid in the identification
of the materials present in the sample, and are
most valuable when this is achieved through the
comparison of multiple SIMS maps, and with a
light-microscopic image of the analysed area, or
with images obtained by means of other tech-
niques.

After TOF-SIMS analysis the sample was gold-
coated and examined with NanoSIMS.

2.2.3 NanoSIMS

Dynamic NanoSIMS measurements were per-
formed with a CAMECA NanoSIMS 50. The CAME-
CA NanoSIMS 50 is a double focusing mass spec-

trometer that allows simultaneous collection of
multiple masses by a system of five parallel detec-
tors (or seven with the NS50L). The coaxial objec-
tive and extraction lens permit a very short work-
ing distance. This ensures low aberration coeffi-
cients for a high lateral resolution, and a quasi-full
collection of the secondary ions, requisite for high
transmission. All measurements are done at high
mass resolution (without any slit or aperture in the
spectrometer, M/ΔM = 2500). The NanoSIMS 50 is
designed to work in dynamic SIMS mode. In con-
trast to TOF systems, its parallel detection mode
allows continuous sputtering and therefore consid-
erably higher secondary ion yields and shorter
acquisition times.

The instrument is equipped with two reactive ion
sources. Cs+ primary ions are employed to detect
negative secondary ions (ultimate resolution better
than 50 nm). O- primary ions are used to detect
positive secondary ions (ultimate resolution better
than 200 nm). Beam size, beam current, and num-
ber of pixels were chosen to optimise lateral reso-
lution and acquisition time. The Cs+ primary ion
beam was operated at 16 keV, 6.4 or 2.8 pA cur-
rent, and 150 or 100 nm spot size, and the O- pri-
mary ion beam at 16 keV, 34, 13.9, 14.3, or 14.7
pA current, and 500 or 300 nm spot size. The
images were acquired as 256 x 256 pixel images
at scales varying between 25 and 100 μm, with a
resulting effective resolution of 400, 150 and 100
nm for negative secondary ions images, and of
500 and 300 nm for positive ion images. The sam-
ple was gold coated (30 nm). This was sufficient to
avoid any charging so no electron charge compen-
sation was needed.

Backscattered electron images of the cross-sec-
tion were taken after NanoSIMS analysis.

2.2.4 SEM-BSE

Scanning electron microscopy (SEM) analysis was
performed on a XL30 SFEG high-vacuum electron
microscope (FEI, Eindhoven, The Netherlands)
with EDX system (spot analysis and elemental
mapping facil it ies) from EDAX (Tilburg, The
Netherlands). Backscattered electron (BSE)
images of the cross-section were taken at 20 kV
acceleration voltage at 5 and 6 mm eucentric
working distance and spot size of 3 that corre-
spond to a beam diameter of 2.2 nm with current
density of ~ 130 pA. 

3. Case study

Results of technical investigations by SEM-EDX
and microchemical analysis made on the sample
under investigation in a previous work by Hendriks
and Geldof19 revealed that the ground paint con-
sists of lead white, little barium sulphate, gypsum,
and few particles of carbon black and earth pig-
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ments. This composition is in agreement with the
typical composition of commercial 19th-century
ground paints.10,20,21 This information was consid-
ered as a guide in the examination and interpreta-
tion of SIMS data.

3.1 Sample description and analysis by light
microscopy

Light-microscopic images of the cross-section
under visible and UV light are shown in Figure 2.

The sample contains a thin light blue paint layer
(layer 2, up to 10 µm thick), the ground layer (layer
1, 20-25 µm thick), and fibres from the support.
The bluish paint contains also orange and red par-
ticles. The ground layer includes transparent parti-
cles and a few black, red and ochreous particles.
Several blue-fluorescing spots appear in the light
blue layer under UV light.
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Figure 2: Paint cross-section F216j/1, light-microscopic images under visible (top) and UV light (bottom). The rectangular outlines in the light-
microscopic images (A, B, C) indicate the areas mapped with TOF-SIMS.

Figure 3: Example of TOF-SIMS spectra in positive (a) and negative (b) ion mode of the paint cross-section under investigation (X = polydimethyl
siloxane, polyester, and phtalate contaminations; the peak at m/z 115 is produced by indium ions used to probe the sample surface).
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3.2 Spectral SIMS information

The paint cross-section has been analysed in
three areas (indicated in the light-microscopic
image with letters from A to C). Two TOF-SIMS
spectra, acquired in both positive and negative ion
mode and corresponding to the entire probed area,
are shown in Figure 3. Characteristic mass peaks
of the ground paint are those of lead (m/z 208),
calcium (m/z 40), barium (m/z 138), strontium (m/z
88), iron (m/z 56), aluminium (m/z 27), and potas-
sium (m/z 39) in positive mode, sulphur (m/z 32),
chlorine (m/z 35), and deprotonated [M - H]-

palmitic (m/z 255) and stearic (m/z 283) acids in
negative mode. The blue paint layer is character-
ized by lead and zinc (m/z 64). The distribution
maps (Figures 4-6) characterize the paints as fol-
lows.

3.2.1 Barite in the ground paint

Detection of barium (Figure 4) and sulphur (Figure
6) reveal the presence of barium sulphate (BaSO

4
)

in the ground paint layer (layer 1). Under the light
microscope in visible light, barium sulphate in oil
paint appears transparent, because of its similar
refractive index.

The clear co-occurrence of barium and strontium
(Figure 4) is an indication of the natural origin of
barium sulphate. In fact, the natural source of bar-
ium sulphate, barite, which is the most common
barium mineral, is generally pure BaSO

4
, however

barium can be replaced by strontium in a continu-
ous solid solution series from barites to celestite
(SrSO

4
). Barites of this series with a preponder-

ance of barium are called strontiobarites.11 We
also observe in the distribution maps that the rela-
tive intensity distributions of these two elements
vary over the different particles. In the process of
making artificial barium sulphate a very pure prod-
uct is obtained and most of the impurities are elim-
inated.12 Therefore, strontium can be used as an
indicator of natural barium sulphate in paints; in
addition, it is potentially an interesting feature for
discriminating between different sources of the
natural mineral.13

3.2.2 Other materials in the ground paint

The distribution maps reveal that the ground paint
consists of massive amounts of fine-grained lead
white, mixed with particles of varying sizes of cal-
cium carbonate and gypsum, and of barium sul-
phate, which was discussed above.

Lead white (leadhydroxycarbonate, 2PbCO
3
·Pb(OH)

2
)

is the main white component of the ground paint
and can be identified from the map of lead.
Chlorine is associated with lead (Figure 4) as chlo-
ride (Figure 6), as is evident from the very high
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Figure 4: Paint cross-section F216j/1, TOF-SIMS total ion current
image and distribution maps of characteristic elements in positive
mode.

Figure 5: Paint cross-section F216j/1, TOF-SIMS distribution maps
of characteristic elements in positive mode.
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correlation between their distributions.22 The
source of chlorine and its form in the paint are
unknown.

Calcium (Figure 4) is found in calcium carbonate
(CaCO

3
) and gypsum (calcium sulphate, CaSO

4
),

the co-occurrence of sulphur (Figure 6) with calci-
um being indicative of gypsum. Calcium carbonate
as well as finely ground gypsum are commonly
mixed with lead white as cheap adulterants in oil
ground paint preparations.10,23 Some spots in the
maps of aluminium, silicon, potassium and iron
(Figure 5; silicon not shown) are indicative of clay,
silica, and iron oxides and hydroxides. The litera-
ture informs us that these materials are commonly
included in the ground paint as extenders and
impart a tint to the ground23. However, in recent
work Marino24 suggests that alternatively, cheaper,
impure materials might have been used in the
making of cheap grounds, and that the tint is
imparted by the presence of impurities rather than
by addition of separate materials. In fact, clay, sil-
ica and iron oxides could also point to a marl as a
calcium carbonate source. Marls are very common
forms of limestone in Tertiary rocks of the Paris

Basin area, which is a likely source of the calcium
carbonate used in the ground paint under study.24

The oil binding medium is characterized by the
peaks of deprotonated [M - H]- palmitic (C16: m/z
255) and stearic acids (C18: m/z 283) in negative
mode spectra. The relative amount of palmitic over
stearic fatty acid (called P/S ratio) characterizes
oils used as binding media as follows: P/S < 2 lin-
seed oil, P/S > 2.5 walnut or poppy oil, P/S > 5
poppy oil,25-27 assuming that oil mixtures were not
used. The distributions of fatty acids (Figure 6) in
the paint cross-sections closely resemble the dis-
tribution of lead (Figure 4). It has been already
observed by Keune25 that pseudo molecular ions
from fatty acids have a relatively higher yield near
the lead white particles, a fact suggesting assis-
tance of lead in the secondary ion formation or
higher relative concentration of fatty acids on the
surface of lead white. The values of the P/S ratio
in this case are inconclusive with respect to the
type of oil used as the binding medium (respec-
tively 2.4, 2.4, and 2.3 in areas A, B, and C).

3.2.3 Materials in the upper paint layer

The blue paint layer (layer 2) is characterized by
the presence of lead white, in lower amounts than
in the ground paint, and of zinc white (the source
of the fluorescence), with no evidence in SIMS
data of coloured materials. The maps of lead and
zinc are depicted in Figure 4. Zinc white (zinc
oxide, ZnO

2
) was commonly used in tube-paint for-

mulations as a lightening agent to adjust the
colour in artists’ paints.20

According to the earlier microchemical analysis,
performed by treatment with 4M NaOH, the blue
paint layer loses its colour, indicating that Prussian
blue is the source of the blue colour.28, 29 Prussian
blue can be identified with SIMS through the char-
acteristic negative ion clusters of ferrocyanide.30

Unfortunately, static SIMS analysis on these sam-
ples did not give any evidence of either ferro-
cyanides in negative spectra, nor of iron in positive
spectra. However, Prussian blue is a pigment of
very deep blue colour, and is usually ground very
finely and used mixed with white pigment (e.g.
lead white or zinc white). It is therefore likely that,
even if Prussian blue is present, the particle size
of the pigment is so small and its concentration so
low that they are well below the detection limit of
the instrument. 

A ‘hot’ spot in the map of sulphur (Figure 6) can be
correlated to a red particle in the light-microscopic
image, suggesting the presence of vermilion (mer-
curic sulphide, HgS). Mercury was not detected
because of its poor ionisation with TOF-SIMS.
Other red particles remain undetected; the pres-
ence of other types of red pigment can therefore
not be excluded.
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Figure 6: Paint cross-section F216j/1, TOF-SIMS total ion current
image and distribution maps of characteristic elements in negative
mode.



Minute amounts of the same aluminium-containing
materials found in the ground paints were found in
the upper paint layer as well.

3.2.4 Texture analysis from SIMS maps

The maps of lead, calcium and barium, show that
the ground layer (layer 1) has a very fine and
homogeneous texture of mostly fine (sub)-micron
particles and some larger particles (1-10 µm) of
calcium carbonate, gypsum, barium sulphate and
lead white. Barium sulphate particles lie in the size
range up to 10-15 µm with preponderance of the
larger ones. Lead white and zinc white give the
blue upper paint (layer 2) a very fine and homoge-
neous texture in the (sub)-micron size range. 

3.3 Interpretation of nanosims data

The mass information obtained by NanoSIMS is
distinct from that obtained by static SIMS. The ion
dosage and energy in each analysed spot are
higher and only small fragments and elements can
be detected by this method. 

Distribution maps of carbon (m/z 12), oxygen (m/z
16), nitrogen (detected as CN-, m/z 26), sulphur
(m/z 32), chlorine (m/z 35) as negative secondary
ions, and sodium (m/z 23), calcium (m/z 40), stron-
tium (m/z 88), barium (m/z 138) as positive sec-
ondary ions were acquired. Chlorine was used
instead of lead as a marker of lead white, to which
it is associated. Because of the parallel positioning
of the detectors, the choice of chlorine allowed the

acquisition of element
maps over a smaller
mass range and conse-
quently at higher mass
resolution. 

The area analysed by
NanoSIMS is outlined in
the light-microscopic
image il lustrated in
Figure 7a. A SEM-BSE
micrograph of the sam-
ple surface after sputter-
ing off of the gold layer
and NanoSIMS analysis
is shown in Figure 7b.
The exposed analysed
area appears as a dark-
er rectangular region. A
close-up view of the
region shows the dam-
age caused by the sput-
tering process (Figure
7c). The BSE detection
was set up in order to
optimise atomic number
contrast; because of dif-
ferences in atomic num-
bers and therefore of

backscattered electrons yields, lead, barium and
calcium appear respectively in white, grey and
black. The elemental distribution maps obtained by
NanoSIMS are depicted in Figures 8-11. These
maps allow the identification of paint materials as
discussed in the previous section for TOF-SIMS
analysis. In addition, in contrast with static SIMS,
NanoSIMS provides better resolution, and a high-
er sensitivity due to the dynamic regime. As it will
be illustrated later in the text, NanoSIMS also
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Figure 7: Light-microscopic (a) and SEM-BSE (b) images showing the area analysed by NanoSIMS. Two BSE
images acquired at higher magnification (in two different areas) show the damage caused by the sputtering
process (c) compared to the undamaged surface, exposed after repolishing of the paint cross-section (d). In
these images the ground layer is on top to match the orientation of the NanoSIMS images.

Figure 8: NanoSIMS maps of oxygen, chlorine, nitrogen (detected as CN-

where carbon is also present), and sodium.



allows to performing quantita-
tive isotopic characterization.

Distribution maps of oxygen,
chlorine, CN-, and sodium are
depicted in Figure 8. Oxygen
is present in association with
lead white, calcium carbon-
ate, gypsum, barite, and with
the binding medium. The
chlorine map follows the dis-
tribution of lead white in the
ground paint.

The cardboard fibres are
clearly visible in the CN- and
sodium maps. The advantage
of NanoSIMS compared to
static SIMS is a better sensi-
tivity to nitrogen detected in
the form of CN-, which is a
reaction product of the sput-
tering process when both
nitrogen and carbon are pres-
ent in the analysed spots. The nitrogen component
associated to the fibres can be indicative of pro-
tein residues in the plant cell walls, of an attempt
to glue the fibres together in the manufacturing of
the cardboard,31 or of application of a water-based
size prior to the ground. CN- seems to be abun-
dant also in the paint layers, most likely as ammo-
nia or nitrate impurity in lead white (this fragment
is also observed in lead white oil paint reconstruc-
tions when NanoSIMS is performed32).

Sodium is another feature, possibly naturally pres-
ent in the fibres or introduced during the manufac-
turing process of the cardboard, or as residues of
sodium hydroxide or sodium chlorate in the prepa-
ration the cardboard pulp. In the latter case, chlo-

rine is not observed in the cardboard as it reacts
away in the bleaching process.

The sulphur maps in Figure 9 show particles of
barium sulphate (in combination with barium) and
gypsum (in combination with calcium). The higher
sensitivity of NanoSIMS compared to static SIMS
to sulphur improves the discrimination between
calcium carbonate and gypsum. The sulphur map
also exhibits a thin line along the contact zone
between the priming layer and the cardboard. The
sulphur and chlorine maps show that sulphur and
lead overlap along this line. It can be observed
also in the SEM-BSE image that the line lies along
the edge of the lead paint (appearing in white
because of the high electron backscattering).
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Figure 10: NanoSIMS distribution maps of barium, overview (top
left) and at higher magnification for individual particles.

Figure 11: NanoSIMS distribution maps of strontium, overview (top
left) and at higher magnification for individual particles.

Figure 9: Images of sulphur indicate gypsum and barite particles (where there is co-occurrence with cal-
cium and barium). The overlay of sulphur, barium and calcium represented in the bottom right corner
represents particles of barite (in magenta), gypsum (in yellow) and calcium carbonate (in green). The
thin line of sulphur along the contact zone of the ground paint layer with the cardboard appears in red.

Imaging TOF-SIMS and NANOSIMS of Barite-Celestite, e-PS, 2006, 3, 41-50



Sulphur might have been absorbed as sulphide or
sulphur oxide by the cardboard from the atmos-
phere before application of the ground paint, and
could have reacted subsequently with lead white
to form lead sulphate. 

In the bottom right of Figure 9 an overlay of the
maps of sulphur, calcium and barium shows the
distribution of calcium carbonate, gypsum, barium
sulphate, and the thin line of sulphur. 

Compared to static SIMS, NanoSIMS shows better
sensitivity also to strontium. Combined with its
high resolution, it was possible to characterize
finer structural and sub-structural details of barite
particles and to measure differences in relative
concentrations. Specifically, barium and strontium
show uneven distributions, with between- and
within-particle differences in relative concentra-
tions (Figures 10-11). Barite-celestite ((Ba,Sr)SO

4
-

H
2
O) solid solutions exhibit a relationship between

crystal size, morphology and composition20. The
(uncalibrated) ion yields ratio of strontium to bari-
um, measured at different spots in two particles,
fluctuates between 0.7% and 3% in one particle
and between 0.4% and 0.61% in the other.
Although not observed here, the oscillatory zoning
characteristic of barite-celestite does not make the
relative concentration of strontium-to-barium use-
ful for tracing the different sources of the mineral.

Instead, the 86Sr/87Sr isotope ratio seems to be a
more promising tool for this purpose. Strontium
and sulphur isotope ratios are considered useful
tools for distinguishing between barites of different
origins and ages.15, 16 In the field of authentication
and origin assignment, isotopic characterization
has already been successfully tested for lead in
lead white paints.33 The capability of NanoSIMS
for isotopic characterization of barite was also
tested by measuring the strontium 86Sr/87Sr iso-
tope ratio in one particle. The obtained value of
0.718 falls within the range considered character-
istic of non-marine barites as indicated for exam-
ple by Castorina et al.15 Paytan et al.17 suggest to
combine strontium and sulphur isotopic analyses
with a crystal-morphology characterization to pro-
vide a reliable indicator of the depositional envi-
ronment of a given barite.

4. Conclusions

With static SIMS we were able to investigate the
material composition and the textural characteris-
tics of the paint layers in painting cross-sections.
TOF-SIMS allowed analysis of both the pigment
and the binding medium content, providing infor-
mation on their spatial distribution. Although the
analysis was mainly focused on the ground paint
layer, it is expected that the technique will be suc-
cessfully applicable also to the paint layer. The
combination of these characteristics enables us to

identify and differentiate the different materials in
the paint layers, and at the same time to examine
the texture of the particulate materials individually. 

In the painting under investigation we were able to
detect and identify all the major components of the
ground paints, lead white, calcium carbonate, gyp-
sum, and barium sulphate. Barium sulphate is in
its natural form, as it was found in association with
strontium. TOF-SIMS data also show different
grades of coarseness for the paint. For elements
of higher detection efficiency, yields reflected the
morphology of individual particles, provided that
these are sufficiently large compared to the instru-
mental lateral resolution at the analytical condi-
tions used.

The results of the explorative investigation pre-
sented in this paper shows the potential of
NanoSIMS for the analysis of paint cross-sections.
Compared to TOF-SIMS, NanoSIMS exhibits high-
er sensitivity and a higher lateral and mass resolu-
tion, both of which can be achieved simultaneous-
ly. In the case study considered, the improved fea-
tures provided additional information that could
not be obtained by TOF-SIMS. These include the
enhanced detection of fine sub-structural details
within barite particles and of other fine structures
in the paint cross-section, of key trace elements
and of organic markers. This work demonstrated
that NanoSIMS can be used to measure differ-
ences in relative concentrations of strontium to
barium, to examine the distribution of barium and
strontium within and between barite particles, and
to perform isotope analysis of strontium in barites.
Strontium and sulphur isotopic ratios seem promis-
ing tools for to distinct different sources of barite
used in paints. More extensive work on barite in
paints involving the development/consultation of a
database of barites from different locations is
required. The analytical potential presented by
NanoSIMS for the characterization of barites
shows that this technique can assist in the distinc-
tion of different sources of the barite in paints. 
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