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CENIEH: a research centre for
human evolution. Innovation and
technology for cultural heritage
conservation and the advancement
of our understanding of human
origins

M. Isabel Sarró and María
Amor Barros
Centro Nacional de Investigación sobre la
Evolución Humana – CENIEH, Burgos, Spain.
Figure 2. Centro Nacional de Investigación sobre la
Evolución Humana (CENIEH), Burgos, Spain.

An overview of CENIEH
The Centro Nacional de Investigación sobre la
Evolución Humana, CENIEH, is conceived as an
essential part of the Human Evolution Complex,
located in the centre of Burgos, Spain. The
CENIEH is placed in a modern building that
combines
architecture,
innovation
and
technology.

Figure 1. Human Evolution Complex in Burgos, Spain.

The missions of the CENIEH are: i) to emerge as a
centre of excellence to foster major advances in
our understanding of human evolution through
multidisplinary research, ii) to be a resource for
national and international institutions and
facilitate the research on this field, iii) to curate,
restore and manage fossil and lithic collections
from excavations in archaeological and
paleontological sites.
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As a research facility, it is open to scientific and
technological use by the national and
international community. Its main field of
research is human evolution during the Late
Neogene and Quaternary, but the centre also
promotes awareness and knowledge transfer to
society
and
encourages
and
supports
collaboration in conducting excavations and
deposits of these periods worldwide. These sites
give us information about the first traces of early
hominids and their culture, as well as the most
ancient tools or the rock art. This evidence
represents the link to our ancient cultural past
and they probably represent the link between
our species (Homo sapiens) and other human
species. For that reason some of these sites are
known as an exceptional and universal Cultural
Heritage sites, and are included in the World List
by UNESCO.
CENIEH Research
Research constitutes the core of the CENIEH. The
research activity carried out at the center is
multidisciplinary and is inserted in the various
scientific CENIEH’s research programs. There are
seven programs that have one or more working
groups and that carry out several lines of
research in these fields: geoarchaeology,
geochronology, paloebiology of hominins,
paleoecology, prehistoric technology, spatial and
economic archaeology and bioestratigraphy and
biochronology. Each program has a coordinator

2

COALITION
No. 24, January 2013
responsible for its operation and its interaction
with other programs.
In the last 5 years over 25 research projects have
been developed, many of them involving cultural
heritage conservation and restoration. The
safeguarding of Cultural Heritage is strategically
important for Spain, and as UNESCO describes it
is: “our legacy from the past, what we live with
today, and what we pass on to future
generations”.
Due to interdisciplinarity in Cultural Heritage
research, the CENIEH is an extraordinary
instrument for knowledge transfer and research
applied to conservation, as the objectives of the
National Research Plan state:


The increase historical, archaeological,
artistic or anthropological knowledge
applied to conservation, mostly obtained
through international programs and
interdisciplinary research projects.



The improvement of storage conditions
by identifying materials and diagnosis on
the conservation status and factors
influencing their degradation, the
proposal of new materials and
techniques
for
restoration
and
protection, and the design of suitable
systems related to storage, transport,
packaging and exhibition.

The limited number of resources devoted to
research in heritage conservation is insufficient
to address the many aspects required, but the
principal goals of CENIEH try to combine efforts
in research on human evolution with
conservation and cultural heritage. The center´s
excellent facilities give us the opportunity to
combine all these aspects, integrating artistichistorical-scientific studies in archaeological
diagnosis.
A Singular Scientific and Technologic
Institution (ICTS)
The CENIEH has been awarded the ICTS label
(Singular Scientific and Technologic Institution)
by the Ministerio de Economía y Competitividad
(MINECO) of Spain. The aim is to test and
develop technologies related to scientific
domains. That is why, in the heart of Burgos, the
ISSN 1579-8410
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CENIEH-ICTS harbours the most modern
technologies for the development of a high
quality research and laboratories are open to the
entire scientific community. Technological
experiments, support services and working
spaces have been equipped to achieve the
highest standards of research and services for
the industry and society.
The CENIEH is also a member of ESFRI (the
European Strategy Forum on Research
Infrastructures), a net devoted to develop the
scientific integration of Europe and to strengthen
its international outreach. The competitive and
open access to our infrastructure supports and
benchmarks the quality of the activities of
European scientists, and wishes to attract the
best researchers from around the world. Of
course, some of the CENIEH-ICTS activities
include cultural heritage research and most of its
equipment offers numerous applications to this
field.
CENIEH’s Laboratories
The CENIEH includes infrastructures in the field
of geological and material characterization,
geochronology, an area devoted to fossil
collection, restoration, and preservation and
other support laboratories, including Digital
Cartography.
Geological and Material Characterization
Laboratories
These
labs
support
state-of-the-art
instrumentation as well as characterization of
sedimentological
information,
chemical
composition, crystalline structure, morphology,
and fabric of both natural and man-made solid
materials. Our instruments are housed in
laboratories designed specifically for these
applications.
Archaeometry
This unit's main purpose is the characterization
of solid materials. It aims at supporting research
in the areas of cultural heritage conservation,
geology, archaeology, chemistry, materials
science, pharmacy, environmental sciences. It can
also be useful in the fields of construction and
civil engineering. Besides, it also offers advice for
a better adjustment of the measures to be
performed, and the possibility of combining the
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results o
of this servvice with data from o
other
complem
mentary ana
alytical techn
niques. All o
of it
can be accompaniied by the
e correspon ding
technical reports.
Crystallin
ne structuress are identiffied and reffined
and quantitative mea
asurements of abundancce of
distinct compounds in mixtures are measu
ured
using our powder x-ray diffractometer (X
XRD).
This instrument is fully automate
ed and is cap
pable
of runniing multiple samples in an unatten
nded
mode.

The
ermogravimetric determinnations with the TGA
allow the study
y of thermall decomposition and
pha
ase transitions of inorg
ganic compo
ounds in
diffe
erent atmospheres. Thee compounds can be
analyzed in real time using a FT-IR coupled with
the TGA. This is a useful too l to study the organic
matterial analysis in rock sam
mples and to
o analyses
the composition
n of differentt materials.

Figu
ure 5. TG in
nterface to aan F-TIR spe
ectrometer.
Facillitates the simultaneous analysis by
y infrared
specctroscopy of the gases producced in the deco
omposition
of th
he substances in the TG.
Figure 3
3. X´Pert
diffractom
meter.

PR
RO

MPD

PANalytical.

X
X-Ray

Quantitaative chemical analysis of
o bulk sam
mples
are perfo
ormed on our
o waveleng
gth dispersivve xhese
ray fluorescence instrument (XRF). Th
instrume
ents (XDR an
nd XRF) are suitable
s
for b
both
bulk and solid sam
mples; it is presently u
used
primarilyy for ana
alysis of bulk chem
mical
composiitions of soliid materials including ro
ocks,
archaeollogical artifa
acts, etc. Analyses
A
can
n be
either de
estructive or nondestructive.

Figure 4. Perl’X3 PAN
Nalytical fully automated fu
usion
technique
e.
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Ram
man
Micro
oscopy
(o
or
Micro
Raman
Spe
ectroscopy) has becom
me more an
nd more
rele
evant over th
he past few yyears. Its gro
owing use
relie
es on a num
mber of advanntages which
h make it
idea
al for analyssis of a varieety of archa
aeological
matterials: it is non-destru ctive, requirres small
amo
ount of sample, and yields high
h spatial
reso
olution, allo
owing the analysis of
o small
hete
erogeneities in a complexx matrix.

Figu
ure 6. Olympuss Raman confo
ocal microscope
e with two
laserrs: 532 nm (gre
een) and 780 nm
m (NIR).
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Micro-Co
omputed Tom
mography
The Micro-Computed Tomograp
phy laborato
ory is
equipped
d with a MicroCT
M
80, where Scaanco
Medical home also has
h implemented softwarre to
perform data evalu
uation. This equipment can
analyze variables succh as area, volume,
v
poro
osity,
thickness, trabecularr number, de
ensity, thickn
ness,
separatio
The
on
inter--trabecular,
etc.
manipulaation of im
mages is done in a very
powerful image prrocessor, ne
ext to micrroCT,
which incorporates the Mimics softw
ware
Materialise 13.1 of th
he house.
The X-raay tube allo
ows us to select the best
setting aaccording to
o the object to be analyyzed,
such ass rock, bon
ne, teeth, tissue,
t
etc. The
potential difference causes a 45kV
4
and 770kV
ntensity hass an ampe rage
power and the in
n 57μA and 177
1 μA.
between
all sample size,
The MiccroCT can scan a sma
reaching
g a maximum
m approxima
ately 11cm high
and 6cm
m wide. The interlayer distance is usu
ually
20 μm, 3
36μm and 50
0μm, althoug
gh for very ssmall
samples it can reach
h cuts of 10
0μm with a very
high reso
olution.
Micro-CT
T can be ussed to visualize the exteernal
and inte
ernal structurre of biological samples and
has been
n revealed ass a powerful tool for diffeerent
research and quality control stud
dies. It is posssible
to analyzze mineralog
gical and ma
an-made obj ects,
it is veryy useful to supervise conservation and
restoration processe
es and treatm
ments, to crreate
3D digittal fossil co
d in
ollection. It can
c
be used
archaeollogical stud
dies, anthro
opological tteeth
studies, entomolog
gical studie
es, in matterial
propertie
es and material assays, in
n medicine, eetc.

Figure 7. M
Micro CT 80 Sccanco Medical.
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Microscopy
e Microscopy
y Laboratory has a wide variety
v
of
The
optical and electronic eq
quipment fo
or microstru
uctural and elemental characterization of
biollogical matterials, orgaanic and inorganic
matterials, prac
ctice-orienteed analysis, quality
con
ntrol and basic and applieed research.
Thiss laboratory
y not only provides access
a
to
servvices advanta
ageously, buut also gives advice to
users about the use of this ttechnique de
epending
on the charactteristics of the sample and its
preparation.
Sem
mi-Quantitative chemical analyses an
nd a wide
variety of image acquissition functiions are
perfformed on our
o Quanta 6600 scanning
g electron
microscope ca
apable of operation in high
vacu
uum, low vacuum and eenvironmenta
al modes,
equ
uipped with modern eneergy disperssive x-ray
analysis systemss (EDS) and w
wavelength dispersive
d
spectrometer (WDS)
(
deteector, which
h enable
dete
ection and measurement
m
t of elementss.
The
e Scanner Lasser Microsco
opy is a technique for
obtaining high-resolution optical images with
pth selectivitty. The key feature of confocal
dep
microscopy is its ability to acquire in-focus
ima
ages from se
elected deptths, a processs known
as optical
o
sectio
oning. This iis a potentia
al tool to
stud
dy the rough
hness or the material surfface, with
app
plication in corrosion sstudies, conservation
and
d restoration treatments, traceology, study of
pain
nt layers, etc.
Thiss laboratory has two parrticle analysiss systems
thatt provide an advanced yeet easy to use particle
characterization tool for tthe measure
ement of
d particle shaape from 0.5
5 microns
partticle size and
to several
s
millim
meters. In onne instrument it offers
the flexibility required for researrch and
devvelopment and troubleshhooting app
plications,
and
d user-indepe
endent resullts and the validation
v
requ
uired for automated quaality control analysis.
The
e technique is often used
d in conjuncction with
lase
er diffraction particle siziing, to gain a deeper
und
derstanding of product or process behavior.
The
ese tools have differentt application
ns in the
Culttural Heritag
ge, since thee Fission-tracck dating,
based on measu
urements of the number of tracks
in the crystals, or
o the study of powder pigments
s
or sediments.
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ected lightt microscop
py and electronic
e
refle
microprobes in order to annalyze their structure
and
d composition. It is possiible samples to study
fluid
d inclusions, too.

Figure 8. FEI Quanta 60
00-Scanning Electron Microsccopy,
Scanning Confocal Micro
oscopy and Parrticle Analysis.

Sample p
preparation and
a thin sectiions
In the sedimento
ology laborratory physsicoments and rrocks
chemical analysis off soils, sedim
t composi tion,
are carried out. Inforrmation on the
texture, nature and
d morpholog
gy of a sam
mple
sedimen
nt or soil type
e is obtained here.
Sedimen
nt analysis can
c
provide information
n on
the mod
des of transport (water, wind, etc.) and
physico--chemical processes
p
th
hat can a ffect
sedimen
nts after buria
al, the origin of minerals,, etc.
Informattion
paleogeo
and
on
ography
paleoenvvironment of the prehisttoric site can
n be
obtained
d.

Figure 9. Granulometricc studies using
g Robinson meethod
and Laser Coulter techno
ology.

The labo
oratory is equipped
e
with fume ho
oods,
dust exxtraction sysstems, perssonal protecctive
equipme
ent and all th
he material necessary to w
work
n.
with thesse samples in
ncluding HF manipulation
Other in
nstruments and equipment: magn
netic
separato
or, laser diffraction (C
Coulter), sh
haker
tables an
nd overhead shakers, jaw
w crushers, sccales.
In Thin S
Section area its prepare thin section
ns of
rocks and soils, polished
p
thin
n sections and
d blocks for study using transmitted and
polished
ISSN 15
579-8410
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Geo
ochronology
y Laboratoriees
The
e high qualific
cation of tecchnical staff combines
c
with
h the most advanced
a
tecchnology ava
ailable to
allow CENIEH's scientists d
determine the age of
rock
ks and othe
er materialss to date important
events in geolo
ogical and b iological history. The
Geo
ochronology Program innterests include the
esta
ablishment of
o the time fframework fo
or human
evolution and
d its inteeraction with
w
the
envvironment. A great deaal of effort is put
tow
wards
me
ethodologicaal
advan
ncements.
Tog
gether, the av
vailable technniques are ca
apable of
providing abso
olute or reelative chro
onologies
spanning the entire Quaterrnary period (0 – 2.6
Ma)) and beyond
d.
Thro
ough understanding ssuch inform
mation in
geo
ologic contex
xt, research p
provides key
y insights
into
o such prrocesses ass continenttal drift,
volccanism, mou
untain buildinng, mass exxtinctions,
clim
mate change, and the evo
olution of hu
umankind
itself, cultural heritage authenticatiion and
con
nservation. Geochronolog
gy is critical not only
to establishing
e
the time axxis along which these
various pheno
omena occcur, but also to
dete
ermining the
e relationship
ps among the
em.
e coordination and co
ollaboration between
The
thesse laboratoriies and the developmen
nt of new
metthodologies has been an essential tool in
culttural heritage
e investigatio
ons with app
plications
thatt cover the
e span of structural geology,
tecttonics, stratig
graphy, paleeontology, petrology,
p
pale
eoclimatic an
nd geochemiistry studies.
Arch
haeomagnetiism
Thiss laboratory focuses on the establish
hment of
mag
gnetic stratigraphy (pol arity reversa
als), rock
mag
gnetic,
and
anisotro
opy
of magnetic
suscceptibility in various meedia sedimen
nt and is
used in conju
unction witth absolute
e dating
tech
hniques.
pabilities for the
t study
Thiss laboratory also has cap
of rock magn
netism (hystteresis loop
ps, FORC
diag
grams, etc.).
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ample preparation areaa: The sam
mples are
1-Sa
prepared follow
wing standarrd protocols that are
specific to the kind of maaterial dated
d. All the
equ
uipments ne
eeded for an optimal sample
preparation are
e available: ccircular sawss, dentist
drilll, agate mortar,
m
sievves, etc. Chemical
preparations ussing variouss products (HCl, HF,
H2O2, SPT) are also performeed in routine
e.

Figure 10.. Archaeomagn
netism laborato
ory.

2-G
Gamma
irradiation
facilities:
Sample
irrad
diations are performed using a Gammacell100
00 (Best Therratronics) ga mma source
e (Cs-137,
app
prox. Dose rate = 8 Gy/miin).

Electron Spin Resonan
nce
nance (ESR) dating provvides
Electron Spin Reson
numericaal ages. Iit is usually considered eitheer as
a radiatiion exposure
e dating me
ethod, a trap
pped
charge dating method, a paleodosim etric
method, or even as a radiometricc method.

ow Background gammaa spectrome
etry: The
3-Lo
natu
ural radioacttivity of geol ogical/archa
aeological
sam
mples (sediment, fossil teeeth) is assesssed with
2 x Canberra high
h
purity g
germanium detectors
(Exttended Rang
ge Coaxial --XtRa- and well-type
dete
ectors).

The ESR dating is ba
ased on the evaluation
e
off the
exposure
e of som
me materials to nattural
radioactiivity. This exposure is quantified in teerms
of absorrbed radiation dose, whicch correspon
nd to
the enerrgy deposite
ed in a med
dium by ioniizing
radiation
ns (mainly alpha and be
eta particles plus
gamma and cosmiic rays), coming from the
d K)
radioactiive elementts (mainly U, Th and
located within the sample
s
and its surround
ding.
Indeed, under the effect of natu
ural radioact ivity,
some m
materials change
c
the
e paramagn
netic
behaviorr, which mayy be detected
d and quanttified
by Electrron Spin Ressonance (ESR) spectrosccopy.
The intensity of the ESR signal iss proportionaal to
the amo
ount of trapp
ped charges, which basi cally
dependss on three main
m
parameters: the stren
ngth
of the naatural radioactivity, the time of irradiaation
and the total numb
ber of traps available in the
sample.

4-ES
SR spectrom
metry area: ESSR measurem
ments are
perfformed with an EMX
Xmicro-6/1 (X-band)
Bruker ESR spe
ectrometer. The stability of the
experimental conditions iss ensured by: (i) a
The
ermoFlex3500
0 chiller connnected to the ESR
spectrometer, which conttrols and precisely
stab
+/- 0.1º) of the
bilizes the temperature (+
t water
coo
oling the mag
gnets, and (iii) an air con
nditioning
systtem regulatin
ng the temp
perature of the room.
The
e ESR spectro
ometer is equuipped to wo
ork either
at room temp
perature or at liquid nitrogen
mperature (Brruker temperrature contro
ol system
tem
/JEO
OL finger deware). The programmable
gon
niometer allo
ows the tubee rotations in
nside the
reso
onator to check angular variation off the ESR
sign
nal.

The use of this technique for dating
d
purp oses
was firstt suggested in 1975, be
eing nowadaays a
landmark in Quaternary Geochronology.
The ESR
R dating labo
oratory consists of 4 dis tinct
areas: (1
1) Sample preparation area,
a
(2) Gam
mma
irradiatio
on facilities, (3) Low Back
kground gam
mma
spectrom
metry facilitie
es and (4) ESR spectrom
metry
area.
Fig
gure 11. ESR wo
orking at liquid
d nitrogen tem
mperature.
A to
ooth dating it iss possible using
g ESR.
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579-8410
www.rtp
phc.csic.es/bolletin.htm

7

COALITION
No. 24, January 2013
Luminiscence
The CENIEH luminescence laboratory has been
set up primarily for OSL and IRSL dating of
sedimentary quartz and feldspar grains, and
devotes major efforts on single-grain dating
techniques. The luminescence dating facilities
include three parts (1) Sample preparation
laboratory, (2) Instrument Laboratory and (3) Low
Background gamma spectrometry.
1- Two self-contained sample preparation rooms,
which operate under carefully controlled dim-red
lighting conditions, and an instrument facility for
undertaking OSL, IRSL and TL measurements and
determining De estimates of samples.

Figure 12. OSL sample preparation room with dim-red
lighting conditions.

The sample preparation facility is fully equipped
with all the necessary equipment to obtain pure
quartz, feldspar and polymineral fine-grain
fractions
from
bulk
sediment
samples.
Laboratory equipment includes two fume hoods
with scrubbers for HF etching and other chemical
treatments, ovens, automated sieve-shaker,
Frantz magnetic separator, ultrasonic bath,
centrifuge, Millipore system, weighing scales,
binocular microscopes, and single-grain and
multi-grain aliquot preparation facilities.
2- The instrument laboratory is equipped with
two state-of-the-art Risø TL/OSL DA 20 readers,
each with a dual laser single-grain attachment.
One of the readers is also equipped with a
combined blue and IR pulsed optical stimulation
unit and photon timer attachment.
3- For field-based dose rate evaluation, we are
equipped with portable gamma spectrometers
and in situ dosimeters. The laboratory also
ISSN 1579-8410
www.rtphc.csic.es/boletin.htm

houses a low-level beta multicounter system and
high-resolution gamma spectrometers.

Figure 13. Risø TL/OSL DA 20 readers.

U-series dating
The U-series (U-Th) dating laboratory has the
potential to provide an age estimate for a variety
of materials ranging from several thousands to
about half a million years old. This technique in
CENIEH is used for paleoclimatic studies and to
determine the age of Paleolithic cave deposits or
paintings. Additionally, this laboratory has a
strong focus in improve the methodology to
obtain the best result with less sampling and
applications of this technique in combination
with other dating methods or as a support of
other techniques as ESR in order to obtain better
technical results. The laboratory consists of three
different sections: (1): “dirty” preparation sample,
(2) Clean Laboratory-metal free and (3) the mass
spectrometry lab.
1- A “dirty” preparation section where small subsamples are physically separated from rocks or
sediments. The preparation of sub-samples
(usually 10 - 100 mg) for U-series dating is done
using rock cutting facilities, a handheld drill or a
micromill.
2- A Clean Laboratory for chemical separation
and purification (ISO6). A state of the art clean
laboratory facility is used for chemical sample
preparation, i.e. separate U and Th from the
matrix. Laboratory equipment includes fume
hoods with scrubbers for HF etching and other
chemical treatments, Millipore system and
weighing scales.
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e Collection Area is ccompleted with
w
the
The
Con
nservation and Restorattion Area. This
T
area
dea
als with new
w materials and techniques for
resttoration and preservationn, and its technicians
also
o design suitable
s
sysstems for storage,
tran
nsport, packaging and eexposure (P
Preventive
Con
nservation,
Curative
Conservatio
on
and
Restoration). The
T
processses includ
de both
field
dwork and laboratory wo
ork.

Figure 14.. Clean Lab with
h the Millipore
e system.

3- The m
mass spectro
ometry sectio
on which ho uses
a TherrmoFinnigan
n Neptune for isottope
measure
ements and a PerkinE
Elmer OES for
elementaal measurem
ments
Collectio
ons and Con
nservation and
a
Restora
ation
Areas
uties of CENIEH is to cu rate,
One of tthe main du
preserve
e, restore, an
nd manage fossil and llithic
archaeo
and
collections
from
ological
ological site
es, especially
y those of the
paleonto
Atapuercca Site (a World Heritage Site ssince
2000). S
Storage facilities are ava
ailable to ho
ouse
these ittems underr adequate conditionss. A
database
e system has been speccifically desig
gned
for the managemen
nt of the collection. It has
onceived as an integrated tool for the
been co
inventoryy and management an
nd includes the
identificaation of each object witth barcodes and
RFID labels. The entirre system ha
as been desig
gned
to facilittate the access of researchers to the
collection and to alll the information associ ated
ems of the co
ollection.
to the ite
A comffortable and
d well equipped room
m is
available
e for the researcherss interested
d in
studying
g the collecctions. In addition
a
to the
equipme
ent housed in the Colle
ections Reseearch
Room, vvisitors may also
a
make use of the resst of
equipme
ent and facilities provided
d by CENIEH..

ISSN 15
579-8410
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Figu
ure 15. Collectio
on research roo
om.

Figu
ure 16. Diffe
erent activitiees developed
d
Consservation and Restoration
R
Areea.

in

the

Both areas carre for archaaeological co
ollections
hou
used at CEN
NIEH: contro l and monittoring of
envvironmental agents
a
impaairment (tem
mperature,
rela
ative humid
dity, light, etc.), stora
age and
packaging, han
ndling, stud
dy of the analytical
hey may undergo, transfers,
procedures th
exhibitions, etc.
pport Service
es
Sup
Carrtography and
d Multimediaa
media labora
The
e Cartography and Multim
atory has
a la
arge numbe
er of equipm
ments useful for the
rese
earch comm
munity, suchh as 3D scanners,

9
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topograp
phic stationss, software, etc.
e It also o
offers
support for spatial research,
r
policy analysis, and
web-bassed applicatio
ons that may be of valu
ue to
researchers.













Figure 17.. Cartography research
r
room..

Multipurp
rpose Spaces
A Confe
erence Hall (98 people
e), two Meeeting
Rooms ((40 people each)
e
and a luxurious Bo
oard
Room are equip
pped with the new
west
technolo
ogies to gua
arantee the success of any
and
meeting or event. Scientific discussions
d
international confe
erences fin
nd here iideal
conditions to be held
d.




As a research center,
c
coopeeration with national
and
d international institutionns is vital for student
train
ning and re
esearch activvities. Moreover, we
valu
ue networkin
ng and are op
pen to resea
archers of
exce
ellence who wish to speend some tim
me at our
premises. Sending institutionns so far hav
ve been:






Figure 18
8. Meeting room
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RECENT RESEARCH ON LASCAUX CAVE

Cesareo Saiz-Jimenez
Instituto de Recursos Naturales y Agrobiología,
IRNAS-CSIC, Sevilla, Spain

In recent years, the problems related to the
conservation of rock art in European caves, which
represent the first evidence of human artistic
expression, have been a subject of debate, not
only for the scientific community but also for the
society and the media in general.
The conservation of Lascaux paintings received
the attention of Nature as early as in 1967. There
it was already stated that “The problems of
Lascaux may be the most extreme that
conservators have faced in recent years”. In 1999,
Nature reported that “scientists and others will
be excluded from the Lascaux caves in southern
France, renowned for their prehistoric paintings,
for at least a year while workers retune the
systems monitoring the microclimate”. In fact, a
new climate system was installed. Within months,
an outbreak of the fungus Fusarium solani and
other microorganisms covered the floor and
banks of the main decorated halls. The climate
system soon came under scrutiny as the direct
cause of the cave’s climate change and the origin
of the fungal outbreak.
The Laboratoire de Recherche des Monuments
Historiques in Champs-sur-Marne, France, was
charged with developing a research programme
to control the microbial invaders of the cave. The
application
of
ammonium
quaternary
disinfectants and quicklime were recommended,
but the results of these treatments were
unsuccessful and the microorganisms colonising
the walls and paintings remained unclear for
years.
Holden (2003) published in Science the short
comment “Wanted: solution for cave mold”
describing the problems of Lascaux, threatened
by a stubborn infestation of fungi and bacteria,
but scientific data on the origin of the microbial
outbreaks were rarely published.
ISSN 1579-8410
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In 2005, Castellani discussed the problems of
Lascaux and possible solutions, which led to
Allemand and Bahn (2005) to declare that the
best way to protect rock art is to leave it alone.
In 2006, an issue of the French magazine
Monumental was devoted to describe the history
and problems of Lascaux. Lascaux curator JeanMichel Geneste told the Wall Street Journal that
there was no danger to the paintings and that
the microbial growth had disappeared naturally.
But Laurence Léauté Beasley, founder and chair
of the US-based International Committee for the
Preservation of Lascaux, had a very different
opinion. “The fungus is still present in the cave.
Art restorers continue to manually pluck the
roots [mycelia] of the fungus from the affected
paintings. However, as the fungus is removed,
dark and grey spots are left,” she said. Léauté
Beasley added that new black spots have
appeared in large numbers near the entrance of
the cave. “To date, they have not been reported
by authorities for scientific analysis,” she said
(Rinaldi 2006).

Figure 1. Lascaux Cave. Panel of the Great Black Cow in
the Nave.

Dupont et al. (2007) published a phylogenetic
discrimination of the members of the Fusarium
solani species complex found in the cave.
On 19 February 2008, Laurence Léauté Beasley
wrote to the Director of UNESCO: “Today, there
is a growing alarm around the world among
scientists, academics, NGOs and private citizens
about the deteriorating conditions of the painted
cave of Lascaux in the Prehistoric Sites and
Decorated Caves of the Vézère Valley, World
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Heritage site. Lascaux is an exceptional
masterpiece of human creative genius: its
17,000-year-old art bears witness to the vibrant
culture of our ancient ancestors and is one of the
very few tangible evidences left by their vanished
civilization. But today Lascaux is in extreme
danger, as a new biological invasion threatens to
obliterate its priceless heritage…. in 2006, a new
proliferation of black spots began spreading on
the cave’s walls, paintings and engravings. This
outbreak continues, eating away at our World
Heritage.” This letter led UNESCO to warn France
that the cave would be included on the List of
World Heritage in Danger unless progress was
made on the efforts to save the paintings from
an invasion of black fungi.
To this end, the French Ministry of Culture and
Communication awarded the Project “Microbial
Ecology of Lascaux Cave” to the research groups
of the Institute National de la Recherche
Agronomique,
Dijon,
France
(Claude
Alabouvette) and Instituto de Recursos Naturales
y Agrobiología de Sevilla, Spain (Cesareo SaizJimenez). The project was concluded in June
2011 and a final report was delivered to the
Ministry. The presentation of this report stated
that “Le principal objectif de ce project était
d’etudier l’écologie et les processus de
succession microbienne qui se produisent dans
la grotte. La grotte constitue un écosystème
dynamique, les populations microbiennes
évoluent avec le temps et nous avons pu
constater á l’échelle de ces derniers 24 mois, que
les profiles microbiens sont en train de changer.
Au cours de dix dernières années, nos avons
assisté á l’invasion par Fusarium solani puis á
celle des «taches noires» et actuellement nous
observons une évolution au sein des
communautés fongiques associées aux «taches
noires». Celles-ci ont révelé en 2007, la presence
d’une nouvelle espèce de champignon,
Ochroconis lascauxensis apparemment originales
á Lascaux, et actuellement nous constatons
l’apparition de levures noires et d’autres
champignons mélanisés. La cause de cette
evolution complexe et de cette succession de
microorganismes au sein des communautés
formant
les
«taches
noires»
est
vraisemblablement l’utilisation de biocides don’t
les résidus constituent une source de carbone et
d’azote
utilisable
par
beaucoup
de
ISSN 1579-8410
www.rtphc.csic.es/boletin.htm

microorganismes”. This report (in French) can be
accessed
at
Digital
CSIC:
http://hdl.handle.net/10261/45124.
In addition to the report, a few papers have been
published since 2009 on this topic. The most
relevant data were to decipher the contribution
of collembolans in the formation of black stains
(Martin-Sanchez et al. 2012a), the discovering
and description of two novel species of
melanised fungi involved in black stains
formation (Martin-Sanchez et al. 2012b), and the
paper recently published by the American
Chemical Society journal Environmental Science
and Technology, on the use of biocides for the
control of fungal outbreaks (Martin-Sanchez et
al. 2012c). This paper received the attention of
Science, section Editor's Choice, and published
on 6th April the comment “Cave of Forgotten
Fungi”. A few more papers describing the origin
of the black stains on the clayey sediments (SaizJimenez et al. 2012), the amoebae present in the
cave (Garcia-Sanchez et al. 2013) and the
application of RT-PCR to the quantification of
Ochroconis lascauxensis (Martin-Sanchez et al.
2013) can be accessed on-line in the respective
journals.

Figure 2. Lascaux Cave. The frieze of the Swimming Stags
in the Nave.

At present, the microbial ecology of Lascaux is
disclosed but this complex cave needs frequent
surveys and studies to follow the microbial
succession along the time. Also the problems
originated by the sole use of benzalkonium
chloride derivatives during three years in a
subterranean environment revealed to be a great
error that marked the fate of the microbial
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communities in Lascaux Cave. If biocide were to
be applied, to avoid microbial resistance, a
second biocide or a rotation of different biocides
should have been included in the treatment
protocol, which was not the case. As stated by
Martin-Sanchez et al. (2012c) any biocide
treatment should be planned after testing new
molecules in laboratory as well as under field
conditions in order to find an effective biocide
treatment. However, this type of treatment is not
recommended for caves with rock art paintings,
because the presence of complex biofilms,
inaccessible to biocides, and the fast inactivation
of the biocides due to biotic and abiotic factors
are expected, and the treatment, if not
ineffective, can cause further and irreversible
damage to the ecosystem.
Acknowledgements
This is a TCP-CSD 2007-00058 paper.
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Introduction
Conservation and restoration of archaeological
sites developed significantly in the second half of
the twentieth century, with greater emphasis in
recent decades, which has led to a considerable
number of interventions.
Methodology of intervention has changed
significantly since more interventionist measures
are performed against the current criteria of
minimum intervention, although what actually
occurs today is a difficult balance between
innovation (experimental application of new
techniques and products) and minimum
intervention. The debate, in the case of
archaeological sites, has focused on the actions
traditionally
more
aggressive:
cleaning,
consolidation or reintegration, as this is where
most notable has been the restorative action
throughout history.
The restoration, like everything else, has been
subject of trends, in relation to the appearance
of new products and technologies, and today
remains a discipline that widely develops
experimental practice. It certainly brings great
benefits and constant renewal of criteria and
methodologies, but also risks by introducing new
compounds that may interact negatively with
original substrate, although their effects cannot
be checked in the short or medium term. The
lack of knowledge of the causes of decay arising
from previous interventions has generated a
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series
of
continuous
protection
and
consolidation treatments at different periods.
Restorers currently must deal with decayed areas
where the products, methodology or techniques
used, have caused a negative effect on the
original material. This paper attempts to explore
the general study of effects and alterations
arising from restoration treatments, as well as
reviewing of scientific publications related to this
issue.
Theory
and
practice
in
conservation
interventions on archaeological sites
Current theoretical criteria of intervention such
as minimum intervention, discernibility of
restoration elements or maintenance of
authenticity
actually
depends
on
the
interpretation of the technician in charge. Others,
like reversibility of treatments, are almost
impossible in practice; the application on site of
any product on a porous material (stone
material, as well as plaster, mosaics or wall
paintings, the main elements in archaeological
sites) will always leave some remains interiorly,
although it might be apparently eliminated in
surface. Material compatibility seems to be the
most reasonable and respectful approach, yet
with significant limitation in practice, as we will
see in following paragraphs.
Moreover, when planning a restoration project it
is essential to document and study previous
interventions on the site and check the current
status of those areas. However this is not as easy
as it could seem at first sight; there is a
remarkable lack of documentation when
speaking of interventions on archaeological sites,
documentation is disperse or imprecise, and
frequently
non-accessible.
When
some
treatments have become a source of degradation
it is crucial to know detailed data about the
intervention: methodology of application, exact
location, products and techniques used, solvents
and proportions, etc. This kind of accurate data is
rarely given and thus monitoring and
subsequent evaluation is unreliable and often
nonexistent.
In this sense the use of modern technologies,
such us GIS platforms, are extremely useful and
pragmatic, and still little exploited as
ISSN 1579-8410
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documentation
and
analysis
system
in
conservation projects. It allows to integrate all
kind of information in one unique digital
platform, data from archaeological excavations,
conservation interventions, tables, graphics and
photographs (including 3D imaging), etc. with
the advantage of been all georeferenced. The
implementation of integrated data is highly
recommended, it is very common that different
groups or disciplines acting on the same site
generate each own report, duplicating not only
information, but also efforts and costs, also
hampering access to all useful information for
future management and preservation.
When selecting restoration products it is
necessary to be critical at the time of considering
most suitable product, methodologies and
compatibility with substrate. It is risky to
establish general assessments about the
application of one or another restoration
product; what seems to be suitable in theory
might become inefficient in practice. Thus, the
use of ethyl silicate could be suitable and
effective in a particular site, and completely
opposite in other, even considering similar
material and climate conditions. This seems to be
an obvious statement, but it is not always taken
into account, or because there might be a wrong
identification of degradation agents, which ends
up at the same point of conservation degree.
Another mismatch between theory and practice
is the fact itself of intervening, after studying
former restorations, reviewing current products
and methodologies, it might be reached the
conclusion that the best way to act is not to act,
leave it as found it (performing minimal
preventive conservation measures) or reburying
archaeological remains. It has been repeatedly
demonstrated that sometimes, in particular
cases, it is better not to touch. Nevertheless it is
true that in archaeological sites the authenticity
of the whole assembly depends on the
preservation of each singular element, as they
provide historical information by themselves,
therefore punctual interventions are necessary.
In the case of historical building in use must
prevail security requirements and functions of its
constructive elements, over material authenticity.
Restoration theories have changed in time and
space and will keep on changing in the future,
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but what really matters, what definitely give us
the information to assess the correct treatment,
is the field and laboratory practice of each case,
deep knowledge of our case study and a right
previous diagnosis and identification of
degradation agents.





Review: effects of consolidation treatments
on stone material
The study of the effects and changes resulting
from restoration treatments have been
developed in recent years; most studies have
been conducted in laboratory using artificial
aging tests, some others, much rarer, evaluated
on site the durability and effectiveness of these
treatments after several years of application
(Rossi-Manaresi 1981, 1995, Fassina 1995,
Stadtbauer et al. 1996, Hansen et al. 2003,
Wheeler and Goins 2005, Favaro et al. 2006,
2007, Laurenzi Tabasso and Simon 2006, Varas et
al. 2007, Nimmrichter and Linke 2008).
Treatments performed over three to four
decades provide little information about the
behavior of the products used, as there is little
documentation
on
their
characteristics,
application techniques, the state of the stone
before intervention, and so on (Laurenzi Tabasso
and Simon 2006). Anyway the alteration
processes have a slow performance, meaning
that it would be necessary to wait long in order
to get information for studying on site the
effects of these products, therefore laboratory
tests are yet a key factor to arrive at the choice
of the most appropriate treatment (Alvarez de
Buergo 2008).
Many of these studies have focused on
carbonate rocks, being especially alterable.
Besides, consolidants and water-repellent
products
take
numerous
studies
and
publications, as well as cleaning systems.
Since the literature in this area is very large, this
paper attempts to address those studies focused
primarily on consolidating treatments, as they
are widely used in archaeological sites and a field
of continuous innovation.
Some of the known drawbacks for general use of
consolidants are following listed (Fort and PérezMonserrat 2012):
ISSN 1579-8410
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Changes in the material properties, due
to modification in its internal structure
Modification
of
the
surface
characteristics, mainly aesthetic changes,
such as color or brightness, but also
texture and roughness
Increased sensitivity to acidic or alkaline
substances
Corrosive reactions
Degradation arising from differences in
thermal expansion coefficient between
substrate
and
product
(synthetic
polymers)
Generation of subproducts, mainly salts
High toxicity
Irreversibility

Until late nineteenth century natural products of
animal and vegetable origin were used, like
waxes, shellac, etc. (Fort 2007). The sixties saw
the extensive boom of synthetic products,
although adverse effects were early seen;
different researches came out in order to
improve the quality of these products, as well as
limiting their disadvantages and unintended
effects. Nowadays it is much about promoting
compatibility
standards,
often
adapting
traditional or natural materials to restorative
practice. Under this premise, researchers started
developing inorganic materials and silicates for
consolidating and protecting purposes.
Organic consolidants
Traditionally natural materials, like waxes or
organic resins, have been used as protective and
repairing products. However it is in the sixties
when interventions on archaeological heritage
are intensified coinciding with the emergence of
synthetic polymers. These products, made for
industrial purposes, are resins derived from
petroleum synthesis. Besides its consolidating
function, they have been used as protective
products given their hydrophobic capacity,
precisely because of its organic composition.
Its action is based on the penetration of the
polymer in the pore system of the material when,
after evaporation of the solvent, the particles
form three-dimensional networks surrounding
loose particles (grains) of the stone.
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The big disadvantage in the application of these
products is their low penetration capability, due
to its high viscosity. The dissolution of the solute
requires evaporation of the solvent in the
polymerization process after the application; this
stage usually involves some solute migration to
the surface; therefore the polymer is deposited in
a thin surface layer. Acrylates and methacrylates
cause a drastic reduction of the water vapor
transmission in the porous system of the stone
material, creating waterproofing barriers which
can
generate
mechanical
damage
by
crystallization of salts in this barrier that
separates the inner bulk and the consolidated
surface (Figure 1).
It should be taken into account, as a starting
point, that it is about organic compounds
applied over inorganic material, therefore, unlike
other
consolidants,
not
strictly
meet
compatibility.
The photodegradation or photooxidation is one
of the biggest problems when referring to the
case of archaeological sites, particularly exposed
to extreme weathering. In recent decades several
research projects were developed in order to
understand the processes of degradation of
these materials in the field of cultural heritage.

Figure 1. Capillary moisture may cause the crystallization
of salts ( ) on the barrier line (
). Waterproof surface
prevents evaporation outward and can cause total
detachment of this layer.

The photodegradation process of acrylic resins
implies physical and chemical alterations (Melo
et al. 1999, Chiantore and Lazzari 2001), mainly
due to prolonged exposure to ultraviolet
radiation, as a consequence, chain scission
ISSN 1579-8410
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results (responsible for maintaining binding of
monomers),
cross-linking
and
finally
accompanied by a generation of volatile
compounds such as methanol, carbon dioxide,
carbon monoxide, methyl formate, methane or
hydrogen. Moreover, acrylic polymers, as a
consequence of photodegradation, may suffer
yellowing; a chromatic effect derived from the
formation of conjugated double bonds resulting
from chemical reaction (Allen et al. 1992).
Different researches showed similar results when
assessing some commercial products, based on
the application on various stone types’ samples,
artificial aging tested. Those common alterations
are:





color and brightness changes,
loss of mechanical (adhesive) and
protective (hydrorrepellence) properties
completely degradation until total
removal of the layer,
it has been proved impossible to
completely remove the remnants of the
resin (irreversibility).

Another harmful effect mentioned in the
literature is related to biological degradation of
the synthetic polymers due to their organic
nature (Nugari and Priori 1985). All polymers are
potential substrates for the growth of
heterotrophic microorganisms, including bacteria
and fungi (Ji-Dong 2003). The microorganisms
attack can completely decompose the polymer
structure reaching full mineralization. As a
general rule, the more similar the polymer
structure to the natural compounds, more likely
they will be subjected to biological attack.
Besides, producers usually incorporate additives,
which, in many cases, contain compounds that
serve as carbon and energy source for microbial
growth. Biodegradation will be faster when
temperature and moisture conditions are
favorable, as in the case of archaeological sites,
much more accentuated when they are found in
tropical environments, as many sites of Central
America.
Thermoplastic resins like Primal / Acril 33© or
Paraloid©, have had widespread use since the
seventies until today. Some of these alterations
are visible soon after application showing dark
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and hard
d crusts in the material surface (Doeelme
and Pricce 2010), butt also whitish veils due to a
faulty drying phase. That is the
e case of m
many
Mexican archaeolog
gical sites where the us e of
these prroducts was especially extended
e
in the
seventies and eighties for the consolidatio n of
mural p
paintings (S
Saenz 2012
2). The clim
mate
conditions in these sites are exttreme, with high
level o
of humidityy (from capillarity and
precipitaations), dailyy temperatu
ure fluctuattions
hese
and biollogical grow
wth. Since the nineties th
alterations have bee
en documentted in imporrtant
archaeollogical sites such as Cholula, Plaza O
Oeste
in Teotihuacan, or
o
Cacaxtla
a, in Tlaxxcala
(Anonym
mous 2012),, all of th
hem located
d in
Mexico. In the case of Cholula, the paintin g of
Los Beb
bedores, trea
ated in the seventies, has
shown mechanical damages and superfficial
changes. Between 1994
1
and 1998 a study with
the supp
port of the Getty
G
institution was carrried
out for further kno
owledge of the effects and
hese
damage resulting from the use of th
productss, and thus to propose new
n
conservaation
solutionss (Saenz 2012).
In Caccaxtla, proffessionals from diffeerent
and
discipline
es (archae
eologists, engineers
e
w to
chemistss) have addre
essed the pro
oblem of how
remove synthetic po
olymers from mural painttings
(the conservation pro
oject of both
h sites is inclu
uded
within th
he National Program
P
for Conservatio
on of
Prehispaanic Mural Painting,
P
developed by the
INAH sin
nce 2010).
and
Paraloid© has been
n specially appreciated
a
used byy restorers as adhesive, consolidant and
coating product. Bettween the diifferent prod
ducts
commercialized unde
er this name
e the B-72 seeems
to be m
more stable against photo-degradaation
(Figure 2
2). According
g to studies by
b Chiantore and
of
Lazzari
the pho
oto-oxidative stability
acrylic/m
methacrylic resins is higher in reesins
containin
ng only ethyyl and methy
yl esters, agaainst
those ones containing long alk
kyl side gro
oups,
such as butyl or isobutyl (Chiantore and Lazzzari
2001). Saamples of different products were teested
by artificcial aging te
ests, monitorring the reacction
by using
g FTIR and UV
V–Vis spectroscopy, and size
exclusion
n chromatog
graphy.
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579-8410
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Figu
ure 2. Chroma
atograms obtaained from samples of
Para
aloid B72 and B67 before teest (solid line),, and after
o
expo
ose them to 15
50 C in cycles o
of 115h (dashed line) and
200h
h (dash-pointe
ed line). It sho
ows the weight losses of
each
h sample (Sourc
ce: Chiantore aand Lazzari 200
00).

Vinyyl resins, suc
ch as Polyvinnyl acetate (P
PVA, used
mosstly as an adhesive),
a
caan cause mechanical
dam
mages due to differentt thermal expansion
e
an
coefficient
nd
conseq
quent
con
ntractionexpansion move
ements caussed by fluctu
uations of
tem
mperature an
nd humidity,, finally decaying by
flak
king and peeling. Betweeen 2002 and 2005 the
Dep
partment of Conservatio n and Resto
oration of
the University of Barcelona cconducted a research
projject for the
e study of d
damages ca
aused by
agin
ng of polyvinyl acetate. PVA was ussed as an
adh
hesive, coincident with t he rise of plastics
p
in
Spa
ain during th
he seventiess, for the transfer of
murral painting on a new
w support, replacing
trad
ditional calcium caseinaate support (Campo
Fran
ncés et al. 2005). Unlikke calcium caseinate,
c
PVA
A suffered th
he stress gennerated betw
ween the
last one and the organic gllues used for striping
the paint layer (the use of orrganic glues has been
con
nstant for the
e facing proccess due to its ability
to grip
g
the gauze and its h igh reversibility), due
to the
t contractio
on-expansio n movementts caused
by fluctuations
f
in temperatuure and hum idity,
i
as it
wass mentioned before. Me
echanical da
amage is
man
nifested by the
t separatio
o n of the pa
aint layer
and
d blisters where th
he adhesiv
ve was
accu
umulated. Th
hese changees will be ev
ven more
evid
dent in the case
c
of murrals or mosa
aics when
replaced in their original p lace after re
estoration
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treatments, where environmental conditions are
difficult to control.
Regarding epoxy resins, the biggest problem is
their low penetration and the resulting chromatic
alterations, yellowing and darkening, as well as
the formation of hard crusts in surface. Selwitz
(1992) maintains that the vast majority of
negative effects are not due to the product itself,
but rather to the application method and its high
viscosity. This product has been widespread used
for the adhesion of stone material fragments. In
the case of the Roman Theater of Mérida (Spain)
it was employed from the fifties until today,
particularly for the reconstruction of decorative
marble fragments in the Front stage. Some of
these fragments are now falling down (Figure 3)
due to the loss of mechanical properties of the
epoxy resin, related to the permanent exposure
to solar radiation.

variables like moisture of the substrate,
temperature or wind exposure must be taken
into account when applying these consolidants.
Inorganic consolidants
Inorganic consolidants seem to be most
appropriate, at least more compatible, because
of their similarity with the inorganic components
of the stone, besides the fact that they resist
better the action of outdoor exposure. However,
their mechanical properties are significantly
lower than those of the organic products and it
is difficult to achieve good penetration of the
treatment. In addition there are some limitations
in its use; aqueous dispersions in many cases
require a large number of applications for a
consolidating effect which involves movement,
redistribution and processes of dissolution and
recrystallization of salts, as well as hydrolysis of
clay components. In other cases the application
of these products entails the formation of
secondary by-products.
One of the most used consolidants is calcium
hydroxide or lime water, mainly for mortar and
limestone. Lime is usually deposited on the
surface forming a thin layer which hardly
penetrates the material. There are certain
differences between this layer and the original
substrate surface in aspects such as grain size,
texture (heterogeneous) and crystalline phase,
resulting in different degrees of dissolution,
which affects the durability of the treatment
(Hansen et al. 2003) becoming powdery and
weak.

Figure 3. Marble fragment from the basement of a
column in the Front Stage of the Roman Theater in
Mérida. The degradation of the epoxy resin is visible in
both sides of the fracture. (Source: Consorcio de Mérida).

The method of application is also crucial,
especially when speaking of stones with low
porosity, such as granite or marble, showing that
brushing may not be the most appropriate
method, forming a thin surface layer (Ferreira
Pinto and Delgado Rodrigues 2008). Other
ISSN 1579-8410
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The low solubility of calcium hydroxide force to
repeat successive applications with the
consequent contribution of water and the above
mentioned disadvantages. The pH of the solution
is high, which may affect pigments and sensitive
compounds to alkaline media. It should be add
that lime slurries often leave visible white stains
after application.
The calcium hydroxide reacts in the presence of
CO2 and moisture to form calcium carbonate,
much more stable and insoluble. This reaction is
slower and more complex than traditionally been
considered, due, among other variables, to the
difficulty of CO2 to penetrate into the object, so
the carbonation reaction is usually incomplete
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and so it is the consolidation faculty. Several
studies have attempted to limit this drawback,
favoring the reaction of CO2 by introducing
carbamates into the solution (Baglioni et al.
1997). Another alternative, currently subject of
many researches in the field of conservation, is
the use of nanoparticles, which facilitates the
reaction by having higher dispersion inside the
porous system (López-Arce et al. 2010, Campbell
et al. 2011).
Barium hydroxide is more soluble in water than
the former and therefore does not require so
many applications to be effective. Some authors
emphasize the positive effects of this treatment durability, compatibility, similarity in the
coefficients of thermal expansion, minimal
changes to the original appearance (may cause
bleaching), maintenance of hydric properties of
the
material,
compatibility
with
other
consolidants and effectiveness in transforming
the barium sulfate gypsum (protective character)
- although in practice its use is currently limited
and many cases have proved it ineffective. As in
the previous case some variants have arisen
trying to limit the disadvantages of the
treatment, one of the best known is the addition
of urea to barium hydroxide in order to facilitate
precipitation of barium carbonate (Hansen et al.
2003).
Barium hydroxide has been traditionally used for
the consolidation of mural painting and lime
mortar. Its application is delicate and has some
disadvantages. Some of them are more related
to the use of incorrect methodologies of
application. Experimental studies are still lacking
in this regard. According to Matteini (2008) there
is no reason to reject it when treating marble,
limestone and even sandstone and clay material.
Other products within this group, less used than
the above mentioned or no longer in use, are
fluorine-based products such as hydrofluoric
acid or mixtures as fluorosilicates. The damage
caused by fluorine-based products is related to
the formation of hard crusts that use to end up
falling off; for this reason there is a wide
consensus in rejecting its application (Losada
Aranguren 2003).
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Silicates-based consolidants
The family of silicates was first used early in
restoration, the first treatments with alkali silicate
(discovered by Fuchs in 1820) took place in
Germany, France and England for the
consolidation of the stone, and continued until
the late 20th century. Alkali silicate fell into
disuse in the eighties after finding that stimulates
the accumulation of salts as they provide Na and
P, effects early described by Arnold and Zehnder
in 1989 and 1990, respectively (Franco et al.
2002). However silicates have proven to have
effective strengthener capacity, and industry has
diversified with the elaboration of new products;
ethyl silicate, methyl silicate, lithium silicate,
sodium or potassium silicates are some
examples.
Among the most important advantages to
highlight is its great penetration capacity
(avoiding formation of hard crusts on the
surface) and material compatibility. It may
confers remarkable mechanical strength to the
material
creating
strong
links
after
polymerization process, which, however, has no
adhesive capacity above 0.1 mm.
Currently ethyl silicate is widely used in
conservation of stone material, and particularly
in the conservation of archaeological sites. Its
effectiveness
depends
on
environmental
conditions and methodology of application,
nevertheless in a few years loses its effectiveness,
and so it is convenient to carry out some
monitoring and maintenance actions.
Overall consolidants with silicates can cause
discoloration, darkening and brightness changes.
Its application involves a risk caused by
preferential absorption of some areas over
others, since stone is a heterogeneous material,
which can lead to mechanical damage by
differential internal tensions. It also decreases the
water vapor transmission, although in lesser
extent than synthetics.
We mentioned its high efficiency as cohesive
consolidant, but we must emphasize the
significant dependence on the conditions of
application and expertise of the operator to
ensure its effectiveness. It will not be effective if
the material is not absorbent enough or if the
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temperature and humidity conditions are
adverse; ideal conditions are between 5oC and
25oC, and 40% to 80% RH respectively (although
these figures may vary slightly according to each
manufacturer). It is also necessary to cover the
surface on which it is applied for several days
after application to slow down the evaporation
of solvent. Furthermore its effect is slow (about
40-50 days) and irreversible (it modifies the pore
system), but effective for a limited period.
Studies carried out by Fort et al. (2000) on
granites and limestone from Royal Palace of
Madrid, Spain, showed that siloxane-based
treatments with organic solvents where the most
effective among others (such us methacrylates
and microwaxes) for the protection of the stone
against the action of water. Nevertheless,
siloxane-based treatments experiment the most
significant chromatic changes after exposure to
wetting-drying, freeze-thaw and ultraviolet
radiation cycles, being particularly strong in the
case of limestone.
Conclusions
As we have seen there are certain limitations in
the use of consolidating products for stone
material and other inorganic and porous
materials in archaeological sites, but also several
limitations when evaluating the effects of these
products on a specific case study. Too many
variables must be taken into account when
facing the selection of a conservation treatment;
climate conditions, state and properties of the
substrate, methodology of application, uses and
functions of the site, future conditions of
preservation,
previous
interventions,
etc.
Although this might seem viable in theory, it is
hard to manage in practice. In many cases
interventions on archaeological heritage are
short campaigns or emergency plans where
there is neither time nor the means to develop a
comprehensive conservation plan, or simply no
resources to conduct preliminary analysis,
evaluation and monitoring post-intervention. It is
in these cases where practical knowledge and
review of these limitations of treatments is
decisive in order to avoid more damages than
benefits. In this sense some treatments,
considered already traditional and widespread
used, are much more complex in practice than
usually assumed regarding to preparation and
ISSN 1579-8410
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application. It is just a matter of adaptation of
the right treatments in the right context, but it
requires precise and deep knowledge of the
material, its state of conservation and the
restorative product, as well as the interaction of
all of them.
We have now the chance to study the behavior
of these treatments on sites where interventions
have been carried out several years ago, even
decades, in order to collect information from
natural environments, and complement it with
laboratory outcomes. Some of the factors that
should be measured have been already
mentioned:
compatibility
with
substrate,
strengthening capacity, depth of penetration,
changes in surface properties (compared to inner
material or to untreated surfaces), effect on
porosity and permeability, durability of
treatment, biological resistance, effects on
appearance, ease of application, and health and
safety impacts (Fidler 2004). This results in the
measurement of specific parameters, such as
color parameters, brightness, pores size
distribution or water vapor permeability (Fort et
al. 2005).
The development of portable and nondestructive analytical techniques is nowadays a
great advantage in order to monitoring the
behavior and evolution of these treatments, but
also to evaluate past treatments.
The study of the mid and long-terms effects of
conservation treatments is an open field for
further research (Laurenzi Tabasso 2004), deep
knowledge is required when referring to process
of chemical reactions between the different
components of the treatment and the original
material; or the so called problem of
retreatability (the interaction between two
different treatments over the same surface).
Scientific research in the field of heritage
conservation has enjoyed considerable growth in
recent years, highlighting the development of
analytical techniques for the diagnosis phase and
those related to the optimization of treatments.
In many cases, beyond the release of new
products, it is focused on improving properties
of already known treatments. Certainly
experimental practice is critical and shall also
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focus on archaeological remains preserved in
situ, complemented, but not only, with
laboratory tests.
In conservation of archaeological sites it is
necessary, as in other scientific disciplines,
continuous updating of knowledge, upgrade
skills and be critical, since this is an area where
much more specific research is needed in order
to preserve it.
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International Congress on Science
and
Technology
for
the
Conservation of Cultural Heritage

Massimo Lazzari
Center for Research in Biological Chemistry and
Molecular Materials (CIQUS), University of
Santiago de Compostela
The second annual meeting of the Network of
Science and Technology for the Conservation of
Cultural Heritage was organized by the
University of Santiago de Compostela, with the
main goal to create an interdisciplinary forum for
discussion on all aspects of cultural heritage
conservation, providing at the same time an upto-date and comprehensive picture of the stateof-the-art of investigations.

The congress took place at the Aula Magna of
the Faculty of Biology from the 2nd to the 5th
October, 2012, and was attended by some 160
participants from 10 countries (Austria, Czech
Republic, Denmark, France, Germany, Italy,
Portugal, Spain, UK, USA). Despite the context of
the economic crisis in which the European Union,
and in particular some of the richest countries in
terms of Cultural Heritage are involved, this
larger-than-expected attendance of researchers
and professionals from the art-historyconservation-maintenance-restoration areas and
the architectural-chemical-physics-engineering
areas achieved the ultimate goal to promote
networking among European research teams and
strengthen the foundation of scientific and
technological research.
After the formal opening address by the
ViceChancellor of Research and Innovation of the
University of Santiago de Compostela, Francisco
González García, the Coordinator of the Spanish
National Research Council (CSIC) in Galicia,
Eduardo Pardo de Guevara y Valdés, the Vicecoordinator of CSIC groups of TechnoHeritage,
Emilio Cano Díaz (CENIM-CSIC, Madrid), on
behalf of the TechnoHeritage Coordinator
Cesáreo Sáiz Jiménez, and Massimo Lazzari, on
behalf of the local Organizing Committee, a total
of 8 plenary lectures (one per topic), 57 oral
communications selected among a much larger
request, and 63 posters (divided in two sessions)
were presented in the corresponding topics, as
resumed in Table 1.

Figure 1. Opening address of the Congress

Table 1. Oral communications and poster presentations by topic

Topic
1. Environmental assessment and monitoring
2. Agents and mechanisms of deterioration
3. Development of new instruments, non invasive technologies and innovative
solutions for analysis, protection and conservation
4. New products and materials for conservation, and maintenance
5. Preservation of industrial, rural and archaeological heritage
6. Security technologies, Tele-survey and Geographical Information Systems for
protection and management
7. Significance and social value
8. Policies for conservation
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UK (Preservation of industrial and rural heritage
from the 19th and 20th centuries), Jay Flaming,
University of Washington, USA (Challenges of
GIS for Heritage Management), Cristina Sánchez
Carretero, INCIPIT-CSIC, Spain (Significance and
social value of Cultural Heritage), and Antonio
Roma Valdés, Tribunal Superior de Xustiza de
Galicia, Spain (International circulation of
Heritage Goods: a case-study of problems in
heritage politics and management).

Figure 2. Book of Abstracts of the communications to the
congress, edited by M. Lazzari and S. Rochette.

More in detail, the excellent plenary lectures
were given by Peter Brimblecombe, University of
East Anglia, UK (Environmental assessment and
monitoring of Cultural Heritage), Cristina
Sabbioni, ISAC-CNR Bologna, Italy (Agents and
mechanisms of deterioration of Cultural
Heritage), Brunetto Giovanni Brunetti, Università
di Perugia, Italy (Development of new
instruments and application of non invasive
technologies and innovative solutions within the
CHARISMA project), Piero Baglioni, Università di
Firenze, Italy (New products and materials for
conservation and maintenance of Cultural
Heritage), Michael Nevell, University of Salford,

As a general remark, presentations had a very
good average level, with a special mention for
the communications presented by some young
researchers and professionals at the first stages
of their carriers. Most sessions were
characterized by interesting discussion and,
sometime, even by convivial interaction, also due
to very effective chairmen.
Finally, it is worth remembering that most of the
communications will be published on May 2013
in a book by CRC Press (Taylor & Francis Group),
titled Science and Technology for the
Conservation of Cultural Heritage.
Also on the basis of this good experience, a
second international congress will possibly be
organized in 2014.
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