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MODEL

HISTORICAL GLASSES
SIMULATED BURIAL CONDITIONS

UNDER

Teresa Palomar, Manuel GarciaHeras, Maria-Angeles Villegas
Instituto de Historia. Centro de Ciencias
Humanas y Sociales, CSIC. Madrid, España
Introduction
The majority of archaeological glasses come
from Roman contexts due to the high level of
glass production in this historical period. They
are beads, vessels, mosaics tiles and,
sometimes, glass production wastes (Palomar
et al., 2009).
The main composition of
Roman glasses is soda lime silicate glass,
which is characterized by a close and stable
chemical structure against the external
environment. In contrast, potash lime silicate
glasses, which forms less durable chemical
structures, were mainly produced in Medieval
times.
Usual
pathologies
that
appear
on
archaeological glasses are craters and
dealkalinization layers. They show also dark
deposits, whose formation is connected with
the high content of manganese in the glass.
Craters are frequent and appear as spherical or
oval pits on the surface. They can be isolated
or interconnected forming a crater network.
Dealkalinization surface layers are associated
with cycles of wet/drought. In the wet period,
water hydrates the glass surface which
transforms its microstructure. In the drought
time, the surface layers are progressively dried
and physical tensions in between different
layers may crack and separate them. Their
adherence depends on the hydration degree.
Simulation experiments can be useful to
understand the degradation mechanisms on
historical glasses. Up to now, such simulations
have consisted in immersing the model glass
into chemical solutions (Greiner-Wronowa and
Stoch, 1996, Morgenstein et al., 1999,
Vilarigues and da Silva, 2006, Tournié et al.,
2008) or in simulated sea water (Carmona et
al., 2005). Two experiments have been carried
out in the United Kingdom with glasses buried
in natural conditions. Nine glasses different in
composition were buried in an acid soil in
Wareham (Evans and Limbrey, 1974) and in a
basic soil in Ballidon (McLoughlin et al., 2006).
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The results of these experiments pointed out
that glass samples buried in the basic soil
presented a higher corrosion degree than
those buried in the acid one.
The main goal of this research was to study
for the first time the behaviour and corrosion
mechanisms of different historical model
glasses under simulated burial conditions.
Weathering pathologies were observed and
analyzed
to
determine
degradation
mechanisms and corrosion rates. The results
of the experiments carried out have been
useful to understand the different pathologies
observed in original archaeological glasses and
to know how the nearby environment can
affect the preservation of buried glasses.
Methodology
Four model glasses were melted in the
laboratory following the composition of the
main representative historical glass types
(Table 1):
1) Roman glass: Soda lime silicate glass
containing a low percentage of Fe2O3 that
reproduces the impurities of raw materials and
a low concentration of MnO to compensate
the colour of iron ions.
2) Medieval glass: Potash lime silicate glass
with the common composition of Medieval
stained glasses.
3) Modern glass: Soda lime silicate glass with
the composition of the modern conventional
window glasses. Note the higher percentage
of SiO2 compared with the Roman model glass
(Glass 1).
4) Crystal glass: Silicate glass with high
content of PbO (approximately 24 wt %) (UNE
43-603-79, 1979).
The model glasses obtained were cut in slices
of 10x10x2 mm and then polished using an
aqueous suspension of cerium oxide to obtain
optical quality surfaces. These glass slices
were buried into three natural soils with acid,
neutral and basic characteristics. They were
first irrigated with 12.5 ml of distilled water to
moisten them and later introduced in a stove
at 60 ºC. With the aim to maintain wet
conditions, the soils were further irrigated with
5.0 ml of distilled water every 5 days during
105 days. Medieval glass samples were taken
out after 30 days of experiment, while crystal
2
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glass samples maintained in neutral and basic
soils were taken out after 70 days of
treatment.
Table 1. Model glass compositions analyzed by EDS (wt %). The
results were normalized to 100 wt %.
Roman

Type of glass
Medieval
Modern

Crystal

Na2O

23.4

1.5

18.1

MgO

1.4

3.2

1.6

--

Al2O3

4.0

3.3

3.2

--

37.6

65.4

SiO2

57.5

P2O5

--

K2O

2.2

3.0

5.4

glass, which in turns
colours (Figure 1a).

produce

iridescent

The six surface layers observed in the crosssection of Figure 1b could be connected with
the six irrigation times. However, these layers
were not continuous, since poor adherence
between them caused the entrance of small
grains of the soil into the cracks, thereby
detaching the outermost layers.

60.6

--

--

24.7

1.5

8.4

CaO

9.3

26.9

10.2

--

MnO

0.8

--

--

--

Fe2O3

1.4

--

--

--

BaO

--

--

--

2.4

PbO

--

--

--

23.2

Abbreviations: -- (not detected).

The surface of glasses after weathering was
observed by optical microscopy (OM) with a
reflected light microscope Leica model DMLM, equipped with a digital camera Leica DFC
480. Scanning electron microscope (SEM)
observations were carried out with a Hitachi
microscope model S-3400-N (CCHS-CSIC)
using acceleration voltages of 15 kV. The
samples were observed on their surface
without carbon coating and on their resin
inlayed polished cross-section with a thin
carbon coating to make it conductive. The
EDS microanalyses were accomplished with
an energy dispersive X-ray spectrometer
Bruker AXS (133 eV) attached to the electron
microscope. The analyses of OM images were
made using the Motic Image Plus 2.0 program.
Results and discussion
The general evolution of the experiment
demonstrated
that
main
degradation
pathologies were related with the composition
of the glasses. The Medieval model glass
presented a multiple layer on its surface, while
the other three glasses presented cracks and
pits on their surfaces.
The Medieval model glass showed a very fast
degradation rate. In the 5th day of the
experiment, interconnected cracks appeared
on the surface. During the next days,
corrosion advanced and dealkalinization layers
were formed. Finally, the samples were taken
out in the 30th day. Physical tensions caused
several cracks in the dealkalinization layers,
which showed poor adherence with the bulk
ISSN 1579-8410
www.rtphc.csic.es/boletin.htm

Figure 1. Medieval model glass buried in an acid soil after 30 days
of treatment. OM images from a) surface and b) cross-section of
the surface.

The other three model glasses (Roman,
Modern and Crystal glass) showed another
different corrosion mechanism. Firstly, some
cracks appeared on the surface of the glasses
which later grew into pits of ellipsoidal shape.
Pits became interconnected as the corrosion
advanced and finally an attacked surface
appeared.
To
compare
the
different
corrosion
mechanisms, some images of the crystal
model glass buried during 70 days in different
soils were analyzed (Figure 2). In the acid soil
(Figure 2a), the surface presented isolated and
shallow cracks, which showed a width less
than 0.3 µm and over 7.0 µm of length.
The crystal glasses weathered in neutral and
basic soils were almost totally corroded. In
these samples the cracks grew to form pits,
even though they presented different size and
interconnection degree. In the neutral soil
3
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(Figure 2b), the pits showed 13.2 µm in length
and 7.0 µm in width on average (Table 2).
They formed an interconnected net in which
every pit was connected with other three (±
1). All of them presented a rough aspect since
they were filled with soil deposits. In the basic
soil (Figure 2c), the pits were two times
larger. They presented 21.8 µm in length and
13.4 µm in width on average (Table 2).

different widths. The Roman glass exhibited
~0.5 µm in width, while the modern glass
showed ~2.5 µm. In contrast, the crystal
glass presented a more advanced corrosion
degree (Figure 3c). In the crystal glass, the
cracks length was slightly longer, but the
width was two times higher than in modern
glass and five times higher than in Roman
glass (Table 2). This behaviour is similar in
both acid and basic soils in which the crystal
glass presented larger and wider pits (Table
2).

Figure 2. OM images of the crystal model glass after 70 cycles
buried in a) acid soil, b) neutral soil, c) basic soil.
Table 2. Average length / width of pits from model glass samples
after 70 cycles for crystal glass samples in neutral and basic soils
and after 105 cycles in the other glasses (distances in µm).

Roman
Modern
Crystal

Acid
28.4 / 0.2
34.9 / 0.2
8.3 / 0.2

Soil
Neutral
7.5 / 1.4
10.1 / 3.3
13.2 / 7.0

Basic
11.5 / 5.5
14.1 / 6.6
21.8/ 13.4

The samples of model glasses showed
different corrosion degree according to their
composition. After 70 days, the Roman and
modern glasses showed isolated cracks (Figure
3a, 3b). In both cases the cracks showed over
8 µm in length, even though they presented
ISSN 1579-8410
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Figure 3. OM images after 70 cycles buried in neutral soil of model
glasses a) Roman, b) modern, c) crystal.

The pit size depends on the corrosion rate.
The plots of Figure 4 demonstrate that the
crystal glass samples experienced the fastest
corrosion rate. Therefore, such a glass is the
most sensitive against external conditions.
Roman and modern glasses showed a similar
corrosion rate in the three types of soil.
The results indicated that the acid soil is the
least corrosive. After 105 days, the samples

4
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presented less than 2.5 % of attacked area
(Figure 4). The Roman and the modern glasses
resulted unaltered until the 105th day. The
crystal glass samples showed fast degradation
rate during the first days, but after 59 days,
the corrosion was slower. The basic soil was
the most aggressive environment, and
enhances the corrosion of the model samples,
which were corroded faster than in the other
two types of soil. In the neutral soil, the
corrosion rate was fast, but not as fast as in
the basic soil.
Comparison of the corrosion rate of all the
samples confirmed, on the one hand, that the
crystal glass samples were the most sensitive
to the external conditions, and on the other
hand that the basic soil was the most
aggressive medium (Figure 4).

Conclusions
The experiments with the main types of
historical glasses buried in soils with different
acidity during 30, 70 and 105 days showed
that degradation mechanisms depend on the
glass composition. Medieval model glass
presented a multilayer of corroded surface,
instead of the cracks and pits observed
commonly in Roman, modern and crystal
glasses. The most corrosive medium was the
basic soil and the least one was the acid soil.
The experiments carried out demonstrate that
potash lime silicate glass was the most
sensitive
against
external
conditions.
However, this kind of glass is not frequent
among the archaeological findings, probably
because they are easily corroded during burial.
Lead silicate glasses were strongly corroded in
neutral and basic soils. On the contrary, soda
lime silicate glasses were the most stable,
since after 105 days of accelerated attack in
the more severe conditions, they presented a
corrosion extent less than 25 % of their
surface. This fact confirms the exceptional
well conservation state that can be observed
in most of Roman glasses after two thousand
years of burial.
Burial simulation tests with model glasses
have proved to be useful to understand
patterns of degradation of archaeological
counterparts. The resulting data of the present
study may thus contribute to better know to
what extent the surrounding environment have
affected the conservation of archaeological
glass items.
Acknowledgments
The authors acknowledge partial funding of
the programs Consolider Ingenio 2010 Ref.
TCP CSD2007-00058 and Geomateriales Ref.
S2009/Mat-1629, as well as professional
support from Techno-Heritage (Network of
Science
and
Technology
for
Heritage
Conservation). T. Palomar acknowledges a
pre-doctoral grant from the Spanish Ministry
of Science and Innovation (MICINN).
References

Figure 4. Plots of corrosion evolution, A) all the samples, b)
samples in acid soil, c) samples in neutral soil, d) samples in basic
soil.

ISSN 1579-8410
www.rtphc.csic.es/boletin.htm

Carmona, N., Garcia-Heras, M., Gil, C. , Villegas, M.A. (2005). Chemical
degradation of glasses under simulated marine medium. Materials
Chemistry and Physics 94: 92-102.
Evans, J.G., Limbrey, S. (1974). The experimental earthwork on Morden Bog,
Wareham, Dorset, England: 1963 to 1972. Proceedings of the Prehistoric
Society 40: 170-202.
Greiner-Wronowa, E., Stoch, L. (1996). Influence of environment on surface of the
ancient glasses. Journal of Non-Crystalline Solids 196: 118-127.
McLoughlin, S.D., Hand, R.J., Hyatt, N.C., Lee, W.E., Notingher, I., McPhail, D.S.,
Henderson, J. (2006). The long term corrosion of glasses: analytical results
after 32 years of burial at Ballidon. Glass Technology - European Journal of
Glass Science and Technology Part A 47: 59-67.

5

COALITION
No. 23, January 2012

Back to index

Morgenstein, M.E., Wicket, C.L. , Barkatt, A. (1999). Considerations of Hydrationrind Dating of Glass Artefacts: Alteration Morphologies and Experimental
Evidence of Hydrogeochemical Soil-zone Pore Water Control. Journal of
Archaeological Science 26: 1193-1210.
Palomar, T., García-Heras, M., Villegas, M.A. (2009). Archaeological and
historical glasses: A bibliometric study. Boletín de la Sociedad Española de
Cerámica y Vidrio 48: 187-194.
Tournié, A., Ricciardi, P., Colomban, P. (2008). Glass corrosion mechanisms: A
multiscale analysis. Solid State Ionics 179: 2142-2154.
UNE 43-603-79 (1979). Norma Española. Vidrio. Nomenclatura y Terminología.
Cristal. Vidrio sonoro. Madrid.
Vilarigues, M., da Silva, R.C. (2006). Characterization of potash-glass corrosion in
aqueous solution by ion beam and IR spectroscopy. Journal of NonCrystalline Solids 352: 5368-5375.

PORTABLE SPECTROSCOPIC
INSTRUMENTATION AT THE SERVICE OF
ARCHAEOLOGISTS AND CONSERVATORS
FOR NON-INVASIVE IN SITU ANALYSIS: THE
CASE OF POMPEII

A. Giakoumaki, M. Maguregui,
I. Martínez-Arkarazo, U.
Knuutinen, K. Castro, J.M.
Madariaga
Universidad del País Vasco, Departamento de
Química Analítica, Bilbao (Spain)
Introduction
Archaeological sites are parts of the cultural
heritage and attract millions of people that
want to learn the past and from the past.
Archaeologists and historians primarily are
shouldered with the duty of revealing the
secrets of the ancient times. Furthermore, a
plethora of scientists, such as chemists,
biologists, engineers and more are responsible
to answer questions concerning the physical
and chemical nature of the materials, the
manufacturing method of objects like ceramics
and alloys, etc.
This identification of the materials from which
the archaeological objects were made from is
usually complicated, since the objects have
suffered alterations during their burial and
after their exposure to the atmospheric factors
and pollutants. In the first case, the result can
be the formation of a patina on the surface of
the object, the transformation of the original
material to another compound (like happens
with the shell of an oyster) or the transfer on
the surface of new elements present in the
soil, wall, etc., in contact with the object
coming from infiltration.
By atmospheric factors are meant the physical
phenomena, like rain and other sources of
water, heat, humidity, salt crystallization, etc.
ISSN 1579-8410
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For example, water infiltrations from the rain,
stagnant waters or ground and underground
natural water sources, as well as humidity
could influence a wall by changing its
aesthetic appearance. In cases that the
building materials are porous, the continuous
cycle of reception of water and then the
drying/evaporating
can
lead
to
salt
crystallization on the surface or inside the
pores that fatigue the material and can cause
cracks. Furthermore, when water is present, it
can provide the adequate conditions for the
formation
of
biological
attack
(microorganisms). Nevertheless, the presence of
water without the contribution of pollutants is
not the main responsible for the loss of
material and the subsequent collapse of it.
Moreover, the ultraviolet radiation of the sun
can fade possible colors that are present. This
process is called photodegradation and is
explained by the ability of radiation of certain
wavelength to break the chemical bonds from
which a pigment is composed. Nevertheless,
in the case of wall paintings from the antiquity
and the Roman times, the pigments are
inorganic and therefore stable against
photodegradation.
The
most
prejudicial
factor
for
the
archaeological sites and their constituents is
the atmospheric pollution that causes
deterioration. In the majority of the cases, the
burial
environment
has
protected
the
archaeological remains for ages. Their
exposure to the atmosphere has begun a
continuous deterioration process that has
formed new materials on the surface of the
objects and their identification is essential in
order to reveal the mechanisms of their
formation. In this way, these mechanisms
could be stopped, slowed down or even
reversed.
In order to identify the different kinds of
materials, various analytical techniques are
used. In each case, the proper analytical
technique is applied, depending if molecular or
elemental analysis is required, how low
detection limits are proper, which will be the
precision and accuracy, etc. But especially in
the case of the cultural heritage objects there
is an extra requirement: the minimum
intervention. Due to the high value of the
archaeological objects, in the majority of the
cases, archaeologists prohibit sampling and
there is strict legislation concerning the
6
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intervention on the objects or their transfer to
an analytical laboratory. But, sampling is
essential in the majority of the analytical
techniques and therefore these techniques are
discarded. Nevertheless, there are some
techniques that not only do not require
sampling but even can be incorporated in
portable instruments. In this way big-scale
archaeological remains, like archaeological
sites, can be analyzed in situ. Furthermore,
precious time is saved when conservation
treatments have to be immediately applied,
since sampling and sample preparation require
much more time than the direct measurement
on the sample. For these reasons, in the last
decades it has increased the demand of the
use of non-destructive portable analytical
techniques in the field of art and archaeology.
Raman spectroscopy, Infrared spectroscopy
(IR) and X-Ray fluorescence (XRF) are the
most widely used analytical techniques in this
field.

of these wall paintings to the atmospheric
factors has led to a considerable decay.
Pathologies identified in the House of Marcus
Lucretius
The House of Marcus Lucretius is the largest
home of the Insula IX (IX 3,5/24) and is
situated in the Via Stabiana, Pompeii´s main
north-south street. The house consists of a
combination of two houses – at some point in
time the houses 5 and 24 have been
connected- and it covers almost one fourth of
the Insula (Figure 1). It represents fairly well a
rich Roman’s house in size, shape and luxury
of decorations. It features over 30 rooms in
the ground floor and several in the first floor.
The majority of the walls are covered with
Roman wall paintings of the first, second and
fourth styles, some of them of great artistic
value. The most valuable wall paintings have
been transferred to the Archaeological
Museum of Naples (MANN).

The authors of the present work have
experience since 2010 in the use of portable
instrumentation in the archaeological site of
Pompeii with the expedition APUV-2010
(Analytica
Pompeiana
Universitatis
Vasconicae, funded by MICINN through the
Complementary Action CTQ2010-10820-E)
and more recently with the expedition APUV2011 (funded by the University of the Basque
Country through the Special Action AE11-27).
During the past two years the group has been
working in the identification of the wall
painting materials in the House of Marcus
Lucretius (Insula XI 3, Houses 5/24) by using
a portable Raman spectrometer and a portable
XRF instrument among others.
Pompeii is one of the most famous cities of
the antiquity that stands out for its
architecture and all its decorative elements,
such as wall paintings. Pompeii was destroyed
from the eruption of the volcano of Vesuvius
in 79 A.D. and as a consequence the whole
city was buried under a stratum of ash and
pumice. When the first scholarly excavations
of Pompeii started at the beginning of the 19th
century, it was surprisingly observed that the
city with all its elements, like the famous
Pompeian wall paintings, was well preserved.
The most probable explanation is that the
layer of ash and pumices, covering the walls
to a height up to 6 m, acted as a protective
layer and preserved the integrity of the
underlying objects. Nevertheless, the exposure
ISSN 1579-8410
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Figure 1. Plan of the Insula IX. The numbers of the doorways
correspond to the numbers of the houses.

The walls and wall paintings of Pompeii suffer
mainly from the chemical attack of the
atmospheric pollutants that are abundant in
the area of Naples and surroundings and as a
consequence many wall collapses have been
reported the last years (Reuters press release
2011). Carbon dioxide (CO2) and monoxide
(CO) are some of the dangerous gases present
in the air of Pompeii. Carbon monoxide is
oxidized by oxygen/ozone to carbon dioxide
and this dissolves in water (H2O) to form
carbonic acid (H2CO3). Also, nitrogen dioxide
7
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(NO2) and monoxide (NO) are the gases
responsible for the formation of nitric acid
(HNO3). Furthermore, sulfur dioxide (SO2) by
oxidation (and by the presence of catalysts
like NO2) is transformed into sulfuric acid
(H2SO4), which in turn contributes to the
formation of acid rain.
Thus, if the above mentioned acids find a wall
that contains calcite (CaCO3), a major
component of building materials such as
stones (limestone, marble, etc.), lime mortars
and plasters, several chemical transformations
can take place.
First, the so-called decarbonation process
must be taken into account due to the
formation of soluble bicarbonate (Ca(HCO3)2)
as a consequence of the reaction between
calcite and carbonic acid, two non-compatible
chemical forms of the carbonate system:
CaCO3 + H2CO3 + 2H2O → Ca(HCO3)2
Calcium bicarbonate, the new product formed
by this reaction, is a highly soluble salt, easily
washed away by the rain.
The presence of sulphuric acid along with
water is responsible for the sulphation of
calcite that means the transformation of
calcite
to
calcium
sulfate
dihydrate
(CaSO4·2H2O), commonly named as gypsum,
through the following chemical reaction:
CaCO3 + H2SO4 + 2H2O → CaSO4·2H2O +
H2CO3
Gypsum is partially soluble in water and thus,
it can be washed away in part by the rain.
Furthermore, the attack of nitric acid on the
carbonated materials leads to the less known
process of nitrate formation. For example, the
attack of nitric acid on calcite provokes the
formation of calcium nitrate (nitrocalcite,
Ca(NO3)2·4H2O) that is even more soluble than
gypsum. The formation of nitrocalcite follows
the next chemical reaction:
CaCO3 + 2HNO3 + 2H2O → Ca(NO3)2·4H2O +
H2CO3
Consequently, when a wall having a calcite
mortar with (or without) a fresco painting is
permanently attacked by the atmospheric acid
gases, calcium bicarbonate, gypsum and
ISSN 1579-8410
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nitrocalcite will be formed. If this wall then is
exposed to the rain, part of it will be
dissolved. The bicarbonate and nitrate salts
are the first to be dissolved as the most
soluble salts. Also part of the sulphate salts
will dissolve, but some part will remain on the
wall due to its lower solubility comparing to
that of bicarbonates and nitrates.
If the in-situ analysis is performed on the
attacked walls after a long time-period without
rainfalls, the instruments will detect at least
the sulphate and nitrate salts (the bicarbonate
ones is not so easily detected because they
transform to the carbonate ones after a dry
period, reversing the decarbonation reaction).
But, if the analysis is performed after a
prolonged rain wash, only the sulphate
compounds will be detected because all the
nitrates and bicarbonates will have been
dissolved.
The transformation of calcite to soluble salts
starts usually from the exterior parts of the
wall. As the external parts are dissolved, the
more internal parts will be exposed to the
atmosphere and, if calcite is also present, with
a new chemical attack, it will be again
transformed to one or more forms of soluble
salts. This decaying process can be repeated
many times and for many years till a big part
of the wall has been consumed.
The final situation leads to the visible loss of
material in both walls and wall paintings and in
the worst case, to a possible collapse of the
walls. For fresco paintings, this process
dissolves the binder (calcium carbonate) and
causes the fall of the pigment grains and even
their transfer through the wind. For carbonate
mortars, it dissolves first the intonaco and
then the arriccio (its carbonate part), as it can
be observed in most of the walls of the
Pompeian houses without roof.
Also, the presence at the archaeological site
of animals, like pigeons or dogs, is a source of
another
environmental
stressor;
their
excrements transform into ammonium nitrate,
a highly aggressive salt. Ammonium (NH4+) is
an acid that can react with carbonate
materials, forming ammonia gas (NH3) and the
soluble bicarbonate salt. Then the nitrate
accompanying the ammonium and the calcium
accompanying the carbonate interact forming
calcium nitrate. As we have pointed out
before, this is a highly soluble salt. Thus, the
8
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attack of ammonium nitrate gives rise to the
formation of soluble salts that are dissolved by
the rain, resulting in a net loss of the original
calcite.
Other facts that jeopardize the walls of
Pompeii and, in particular of the House of
Marcus Lucretius, are previous unsuccessful
conservation treatments. The presence of
Portland cement in many parts of the walls
testifies
this
kind
of
treatments.
Unfortunately, Portland cement is a source of
sulfate salts that are present in many surfaces
in the walls of Pompeii. This is not only an
aesthetic problem but also damages the wall.
Furthermore, the lack of documentation is not
helping scientists to know the exact places
and extent of the application of Portland
cement and consequently the magnitude of
this problem.
Another important pathology of a wall is the
appearance of efflorescence on its surface.
The new salts formed after the precipitation of
partially soluble compounds from the ions
present in the water inside the pores of
mortars and stones are called efflorescence.
These salts are formed when the internal
water evaporates enough in order that the ions
that will compose the salts have enough
concentration to reach the saturation index.
Due to their high solubility, efflorescence
crystals are easily dissolved by rain. In Figure
2 efflorescence from the Marcus Lucretius
House is clearly visible as white “snow” over
the red pigment.

wall or wall painting (Gorbushina et al. 2004,
Perez-Alonso et al. 2006). An example is the
penetration of the lichen hyphae through the
pigment that damages the mortar and can lead
even to its detachment (Sterflinger 2010).
Furthermore, algae, lichens, cyano-bacteria,
etc. form green, black, brown or yellow stains
or patches on frescoes exposed to the sunlight
and the original color/tonality of the pigments
is altered (Ciferri 1999). Additionally,
carotenoids, biogenic pigments that occur
naturally in photosynthetic microorganisms,
like algae, some species of fungi, bacteria,
lichens, bryophytes, etc., can also change the
appearance of a wall.
Materials and Techniques
For the characterization of the walls and wall
paintings of the House of Marcus Lucretius
various portable systems were used. For the
molecular characterization a portable innoRam
spectrometer was used (B&WTEK, Inc.,
Newark, USA) with a 785 nm excitation laser
(Figure 3a). For the control of the focal point,
the Raman microprobe was mounted on a
tripod (MICROBEAM S.A, Barcelona, Spain),
with motorized the x-y-z axes and a spatial
resolution of 1 μm per electrical pulse (Figure
3b). The tripod was equipped with a
microvideo camera in order to localize the
point of analysis and focus on the specific
pigment or plaster grain. For the focusing of
the laser and the collection of the Raman
signal an objective lens with a magnification of
20x was used. The laser power was controlled
in low levels in order to avoid the
photodecomposition of the pigments.

Figure 2. Efflorescence on a wall painting.

Last but not least is the influence from
biological factors, which is not only altering its
aesthetic appearance but also can damage its
surface. The growth of plants on the surface
of the walls can result quite damaging. The
colonization can affect with various ways a
ISSN 1579-8410
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Figure 3: Analyzing a deteriorated wall in Marcus Lucretius House
with the portable Raman spectrometer with the microprobe: a) on
hand and b) on the tripod.

The processing of the Raman spectra was
done via the GRAMS 8.0 software
9
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(ThermoFisher Scientific Inc., Waltham, USA)
and the interpretation of the spectra was
performed by comparing the obtained Raman
spectra with the spectra of standard materials
contained in the e-VISARCH and e-VISART
Raman spectral database.
For the in situ elemental analysis a hand-held
energy-dispersive
X-ray
fluorescence
spectrometer (EDXRF) was used from
OXFORD Instruments (X-MET5100, UK)
(Figure 4). The instrument uses an X-ray tube
as excitation source, being Rhodium the
standard target material that works at a
maximum voltage of 45 kV. The analyzer has
a high resolution Silicon Drift Detector (SDD).
The
semi-quantitative
analyses
were
performed using a short integration time (50
s).

was applied Punic wax, according to Pliny the
Elder. Pigments are painted on this outer layer
of lime still wet. Pigments used in the
Pompeian frescoes are inorganic substances
that are mainly coming from minerals, such as
the various ochres or azurite. In some cases
mixtures of pigments can be used in order to
achieve the desired color. From chemical
studies made in Pompeii some typical
pigments that were used were identified.
Thus, for white colors calcite was widely
used. For yellow tones, yellow ochre or
goethite (Fe2O3·H2O and FeO(OH) respectively)
and massicot (PbO) were used. For the green
tonalities malachite (CuCO3·Cu(OH)2) or green
earth (celadonite), were applied, while for the
blue colors Egyptian blue (CaO·CuO·4SiO2) or
azurite (2CuCO3· Cu(OH)2) were employed
(Aliatis et al. 2009, Piovesan et al. 2011).

Figure 4. Analyzing the pigments of a wall painting with the
portable EDXRF system

Typical red pigments were red iron oxide
(Fe2O3) coming from the mineral hematite
(Vahur, 2009), cinnabar (HgS) and realgar
(As4S4) (Aliatis et al. 2009). Some of these
pigments have suffered alterations that
unfortunately have modified the aesthetic
appearance of the wall paintings. From all the
red pigments, cinnabar was the most
expensive. Therefore, it was used selectively
in the richest houses of Pompeii and in the
most important rooms of these houses. For
example, in the House of Marcus Lucretius,
cinnabar was found only in the triclinium
(Maguregui et al. 2010).

Analytical results
For the rescue of the wall paintings the first
step is to characterize all the materials that
constitute them, including building materials
and colored layers, as well as materials that
were formed due to the environmental factors.
In this way, the mechanisms that accelerate
the deterioration could be revealed and, thus,
slowed down or stopped. Furthermore,
conservators could use the most compatible
materials for the restoration of the walls and
wall paintings.
In order to better understand the results, the
construction typology of a typical Pompeian
wall painting should be mentioned. A Roman
wall painting (fresco) is consisted of three
basic layers: the support (commonly a brick or
stone wall); the arriccio (the preliminary layer
of lime plaster with sand spread on the
masonry); and the intonaco (top layer lime
plaster). For the protection of the fresco it
ISSN 1579-8410
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With the years and for unspecified reasons,
the red color of cinnabar has been transformed
into a grey-silver color. This phenomenon is
known as blackening of cinnabar (McCormack
2000). The reason for this is not yet
completely understood. Some researchers
support the hypothesis of the transformation
of the structure of the cinnabar from the red
hexagonal cinnabar into a black cubic
metacinnabar by the action of light
(Zafiropulos et al. 2003). This hypothesis
though is lately being abandoned and new
hypotheses appear, attributing the blackening
to other factors, like chlorine (Cotte et al.
2006).
The scientific team of the present work, by
the first year of the analytical campaign,
analyzed the main pigments in order to
evaluate the efficiency of the portable
analytical
techniques.
Furthermore,
the
degradation state of the walls was estimated
10
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by analyzing efflorescence and soluble salts. A
published research result from this first year
campaign was that hematite is also suffering
blackening. The most probable reason is its
transformation into magnetite, a black iron
oxide (Fe3O4) at the presence of sulfur dioxide
(Maguregui et al. 2011a).
Besides, various wall painting and wall
fragments were analyzed at the laboratory
(Maguregui et al. 2011b). The pigments as
well as the decaying compounds of these
fragments were identified by a laboratory
Raman spectrometer. In this way, the
information
obtained
in
situ
was
complemented with laboratory work.
The colonization of microorganisms on the
walls and wall paintings was also measured
(Maguregui et al. 2011b) by both portable and
laboratory instrumentation. The research was
focused on the characterization of the nature
and distribution of carotenoids, biogenic
pigments, on brown patinas.
As far as the identification of the soluble salts
is concerned it should be pointed out that if
the analysis is performed after a rainy period,
only gypsum will be detected and not the
nitrate salts. This happens because after a wet
period the highly soluble nitrate salts will be
washed out. Therefore, for the detection of
the nitrate salts, it was necessary to wait for a
dry period (like September in the case of
Pompeii) in order to let the atmospheric attack
take place and form enough nitrate salts as to
be detectable by the instruments.
In the second year, the main goal was to
answer questions that were created during the
first year campaign. Therefore, concerning the
pigments, the reason of blackening of cinnabar
was intended to be found. In this sense the
west wall of the triclinium was scanned by the
portable XRF system and the content of
mercury (Hg) was monitored (this wall was
suffering from blackening of cinnabar). It was
found that its concentration was changing
from positions far from the door to positions
near the door. More specifically, it was found
a considerable drop-down of mercury, while
approaching the door. This could be attributed
to a possible transformation of cinnabar (HgS)
to elemental mercury (Hg), which has a black
color, and then the volatilization of Hg at very
high temperatures like those that were
occurring during the eruption of the volcano.
ISSN 1579-8410
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Also, various pigments that did not give
Raman signal in the first year of the campaign
were again analyzed.
One of the main reasons for the absence of
Raman signal for the portable Raman
instrument was the fluorescence interference.
The origin of fluorescence was probably due
to the application on the surface of the wall
paintings of an organic layer. This layer could
be either the original Punic wax referred by
Pliny or a new protective layer, applied later
by conservators. Therefore, in many cases the
fluorescence signal made difficult the
acquiring of a clear Raman spectrum. Still, it
was encouraging that many pigments could be
identified
despite
the
fluorescence
interference. In Figure 5 a Raman spectrum of
red iron oxide (hematite) is displayed with the
Raman bands at 226, 295 and 411 cm-1. This
is very important for the applicability of the
portable Raman system, because it proves its
utility.

Figure 5. Raman spectrum of hematite found in room 8 of the
House of Marcus Lucretius.

As far as the environmental impact is
concerned, various walls with different
orientation as well as covered with roof or
exposed to the open air were analyzed by
Raman in order to create the profile of the
sulphate content and the atmospheric
conditions that may favor their formation.
Also, the detection of nitrate salts was
pursued, especially because the analysis
period was dry and it would be easier to
detect the nitrates. Indeed, nitrate salts were
found in some parts of the House of Marcus
Lucretius,
like
the
scriptorium.
The
characteristic Raman band of nitrocalcite
appears at 1048 cm-1. Signal from the
underlying calcite was also recorded – Raman
band at 1085 cm-1 (Figure 6).
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BIA2008-06592) and the Accompanying
Action APUV 2010 (ref. CTQ2010-10820-E).
References

Figure 6. Raman spectrum of an efflorescence, where nitrocalcite
and calcite bands are visible

Conclusions
The experience of the use of portable
spectroscopic instrumentation for the analysis
of materials in the field of art and archaeology
is encouraging. Still, there is a lot of work to
be done and more issues to be clarified in
order to understand what processes occurred
during the burial and what new decaying
procedures started after the excavation of the
archaeological remains. This will be one of the
important tasks for further future field work.
More
specifically,
from
the
analytical
experience with portable instrumentation from
the previous two years, the forthcoming
research will be focused on many open issues,
like the causes of the blackening of cinnabar
or the role played by the organic wax applied
in past or recent times to the wall painting
remains.
This forthcoming research will be undertaken
using three portable instruments, the two
shown in this work (Raman and EDXRF) and a
portable FT-IR device, working in the Diffuse
Reflectance Mode (DRIFT).
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Obituary
ROSA MARÍA ESBERT ALEMANY
1942 - 2011

Jorge Ordaz,
Luis Valdeón
Department of
Oviedo, Spain

Javier Alonso,

Geology,

Universidad

“Conservation of Stonework in Buildings”, as
well as courses, seminars and conferences
organized
by
Official
Associations
of
Architects and Building Surveyors. She also
participated in a variety of Master’s programs
in the area of conservation and restoration of
stone materials as a guest professor.

de

It greatly saddens us to inform you about the
loss of Professor Rosa María Esbert Alemany.
She passed away in Murcia on December 15th,
where she had gone to wait for a transplant.
Rosa Esbert was born in Torrelavit (Barcelona)
in 1942. She held a Bachelor’s degree in
Geology and a Doctorate in Science from the
University of Barcelona, where she started
working as an Assistant Professor in 1965. In
1972 she moved to the University of Oviedo
with her husband Modesto Montoto, where
she was an Adjunct Professor and later Full
Professor in Petrology and Geochemistry. It
was at this university where she came into her
own as a teacher and researcher, and in where
she left an indelible mark.
In 1978 she embarked on a line of work
within Petrology on the topic of stone
deterioration, where she applied a new
petrophysical approach giving a considerable
impetus to this type of study. The research
team, which she directed, carried out twenty
basic and applied research projects, and more
than fifty research and consulting contracts.
Nine doctoral theses and fifteen research
projects were completed under her guidance,
and she was responsible for training various
generations of researchers. Through her
pioneering studies about characterization,
deterioration, durability and the conservation
stone materials in buildings she earned her
reputation and became an expert on both a
national and international level.
In keeping with the university spirit, Rosa’s
teaching was always as important, if not more
so, as her research. She attended to her
students with much enthusiasm that they
frequently corresponded. Her teaching work
extended to the organization of a number of
different courses: courses for the University
Extension Department of the University of
Oviedo,
University
Expert
Course
on
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Perhaps her most singular achievement was
her collaboration with other technicians in the
restoration of monumental buildings by
consulting on the interventions which required
special knowledge of stone material. This
component of her career was very gratifying
to her. It allowed her to show her capacity to
teach and learn in this field in collaboration
with the other professionals involved in each
project,
and
always
within
the
multidisciplinary approach that she always
promoted. She participated in multiple
intervention
projects
on
monuments,
cathedrals (Oviedo, León, Murcia, Almería,
Seville, Lleida, Palma de Mallorca, Burgos,
Girona…),
churches
(Asturian
PreRomanesque, San Isidoro in Oviedo, Santa
María de Castro Urdiales, Santa María de
Laredo, Sagrada Familia in Barcelona…),
monastaries (Santillana del Mar, Santo
Domingo de Silos, San Pedro Mártir in
Toledo…) and other monumental buildings
(National Library and the Prado Museum in
Madrid, La Pedrera and the Liceu Theater in
13
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Barcelona, Reina Victoria Theater in San
Sebastián…). It is also worth mentioning her
relationship with the Istituto Superiore per la
Conservazione ed il Restauro (ISCR, Rome),
and with the Instituto del Patrimonio Cultural
de España (IPCE, Madrid).

will carry on with the same rigor, passion, and
spirit of self-improvement which she instilled
in them. And on the other hand, that of her
commitment, work and love for her family
which will live in our memory.
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monuments" work group, ICOMOS Paris, and
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and the INAH on “Stone material intervention
criteria” (Mexico 2004). In recognition of
these merits, she was the first honorary
member of the GEIIC, the Spanish Group ofthe
International Institute for Conservation, and
received the CICOP award for her professional
and personal experience in the Conservation
and Restoration of National Heritage.
All those who worked with her, collaborated
on her projects or took classes from her;
anyone who knew her can confirm her
kindness and empathy. Apart from her
scientific contributions, Rosa Esbert will be
remembered as a lively, tenacious, optimistic
person; friendly and with a noble sense of
friendship; firm in her convictions, but flexible
enough to accept suggestions and ideas from
others. Her death has left a void but also a
double legacy. On the one hand, among the
group of professionals she formed, both within
the university as well as in other areas: they
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In homage to Dr. Esbert, we reproduce here
the text and the facsimile of the opening
conference of the 3rd Congress of the Spanish
Group of IIC (Oviedo, 21-23 November 2007).

THE APPROACH TO STONE CONSERVATION
IN SPAIN OVER THE LAST 25 YEARS

Rosa María Esbert
Universidad de Oviedo, Spain.
To begin with, we will examine the situation in
our country at the beginning of the 1980s
with regard to stone conservation in buildings
and especially that which was used on
Heritage buildings. The ICROA (Institute of
Conservation and Restoration of Works of Art)
was, at that time, the State Institution which
oversaw such interventions.
In a different area, the scientific-technical
field, the Spanish Interministry Commission for
Science and Technology (CICYT) was created
at the end of the 70’s. Scientists and
technicians from the University and the
Spanish National Research Council could
present research projects and very often were
given financing. Herita ge was one of the
priority lines of research for a number of
years, which meant that the knowledge and
techniques previously applied to other
scientific fields were focused on it.
Subsequently, the majority of the research
projects on building stone, mortar, treatments,
bio-deterioration,
direct
and
indirect
characterization techniques and analysis, etc.
were conducted and financed within the area
of Material Science.
Nevertheless, when the advances and
knowledge
acquired
were
applied
to
conservation interventions, the work has not
ISSN 1579-8410
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been easy. Experts from different fields who
were meant to participate had not previously
worked in this field; therefore they neither had
adequate knowledge nor creativity for their
contributions to be genuinely productive.
Currently, it is agreed that conservation
interventions require multidisciplinary teams,
capable of communicating their knowledge
fluently so that it can be applied in each
project. It is necessary to have someone who
can coordinate, guide and direct the project
and nowadays this person tends to be an
architect; however it is obvious that it does
not necessarily have to be this way.
The National Cathedral Plan, passed in 1997,
promotes
the
existence
of
these
interdisciplinary groups by achieving, in a more
or less general way, the previously described
objectives.
It is important to remember that, in order to
put these objectives into practice, a series of
basic aspects must be taken into account:
The general intervention criteria must be
established in each project. They should be
within the framework established by the
Venice Charter (1964), the Restoration
Charter (1972), and the Krakow Charter
(2000), which is based on the spirit of the
Venice Charter, but also adds other aspects
which should also be taken into consideration.
In relation to this, the Instituto del Patrimonio
Cultural de España (IPHE), hosted a series of
conferences related to interventions on
Heritage sites built in stone in February 2002.
The conclusions of these conferences were
published in the article: “Intervention Criteria
in Stone Material” in the journal of the
Instituto del Patrimonio Cultural de España.
Bearing in mind that in our country a great
part of architectural Heritage tends to be the
property of the Catholic Church and its
safekeeping and conservation falls on the
State, such duality tends to cause problems of
diverse nature in practice. In any case, there
is always initial complexity.
Apart from the general considerations that
frame the topic of conservation interventions,
there are other more everyday aspects which
would highlight and can be summarized as
follows:
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1) The complexity of the inevitable
intervention of professionals with different
backgrounds who must reach a mutual
understanding in favor of the project in
question.
2) In addition to general criteria, particular
criteria in relation to the singularity of each
project must also be established.
3) Interventions must to be carried out by
qualified professionals. In this sense, the role
of the restorer must be highlighted as the
person who carries out the stone intervention
in the end. This professional should be present
throughout the entire intervention process and
should participate in the proposals and
decision making necessary in each case.
4) Follow-up on the project by experts: The
diagnosis will not be complete until the
problems in the stone and their origin have
been identified. There must also be continuous
support for the restorers throughout the
intervention.
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5) The need to write up a maintenance plan
which can be carried out in practice.
The previously mentioned aspects are
gradually being achieved to greater or lesser
extent. The technical and scientific support
given by diverse research programs, along
with the European EU_ARTECH Program,
helps to the understanding of the situation of
our heritage sites. This allows us to come up
with increasingly improved solutions in the
field of conservation interventions.
Finally, we would like to mention a training
program called EPISCON (European Ph.D. in
Science for Conservation) which is training the
first generation of Doctors specialized in
“Scientific Conservation”. The consortium
which has taught doctoral courses and is
developing the Ph. D. theses is made up of
various European countries, Spain among
them, through the University of Oviedo.
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Congress Announcement
4.
5.
6.

International Congress
SCIENCE AND TECHNOLOGY FOR THE
CONSERVATION OF CULTURAL HERITAGE
Santiago de Compostela, Spain, October 2-5,
2012
Aim and Topics:
Organized by the Spanish Network on Science
and Technology for the Conservation of
Cultural
Heritage
(Technoheritage),
the
objective of the congress is to create an
interdisciplinary forum for discussion on all
aspects of cultural heritage conservation,
providing at the same time an up-to-date and
comprehensive picture of the state-of-the-art
of investigations.
The ultimate aim is to promote networking
among
European
research
teams
and
strengthen the foundation of scientific and
technological
research,
overcoming
the
barriers of exchanging information on
coordinated research applied to the protection
of tangible cultural heritage in Europe.
The
participation
of
researchers
and
professionals
from
the
art-historyconservation-maintenance-restoration
areas
and
the
architectural-chemical-physicsengineering areas will stimulate cooperation
and
integration
between
otherwise
heterogeneous fields.
The congress is dedicated to the following
topics:
1.
2.

3.

Environmental assessment and monitoring
(pollution, climate change, natural events,
etc.) of Cultural Heritage;
Agents and mechanisms of deterioration of
Cultural Heritage (physical, chemical,
biological), including deterioration of
modern materials used in Contemporary
Art and information storage;
Development of new instruments, non
invasive technologies and innovative
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7.
8.

solutions for analysis, protection and
conservation of Cultural Heritage;
New
products
and
materials
for
conservation and maintenance of Cultural
Heritage;
Preservation of industrial and rural heritage
from the 19th and 20th centuries;
Security technologies, Remote sensing and
Geographical Information Systems for
protection and management of Cultural
Heritage;
Significance and social value of Cultural
Heritage;
Policies for conservation of Cultural
Heritage.
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A BRIEF NOTE ON ROCK ART
In the last few years, the microbial
contamination of show caves and the threat it
poses to the conservation of Palaeolithic art
has become a matter of considerable concern.
In Coalition Nº 10, July 2005, we pointed to
the microbial crises of Lascaux Cave, France.
Coalition Nº 18, July 2009, was fully devoted
to this cave. Recently, the relatively fast
dissemination of black stains over the cave
challenged the ingenuity of microbiologists and
originated a vivid mass media debate. As a
result of the project “Ecologie microbienne de
la grotte de Lascaux” funded by the French
Ministry of Culture and Communication, a
book was printed in June 2011. This book can
be accessed at Digital CSIC, in the link:
Later,
http://hdl.handle.net/10261/45124.
Science published in the section Policy Forum
an article on Altamira Cave “Paleolithic art in
peril: Policy and science collide at Altamira
Cave”. Science 334: 42-43 (2011). Both
documents reported on the negative effects of
the visits or inappropriate biocide treatments
on caves with rock art. It is expected that the
data contained in these documents will help to
cave managers and conservators in the always
difficult tasks of conservation of the
Palaeolithic art.
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