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SCOPE
 

Synchrotron and neutron sources offer recent and additional insight into the records of our 
cultural past. Over the last years, there has been an increasing demand for access to SR- and 
neutron-based techniques, and their applications in the fields of archaeological science and 
cultural heritage. The purpose of this Hercules Specialized Course is to give the participants 
an introduction to the basic principles of SR and neutron techniques (imaging, microscopy, 
diffraction, absorption and fluorescence, IR spectroscopy). The school will also provide cross-
disciplinary examples illustrating the abilities of these techniques in a representative range of 
scientific cases in relation with the European cultural heritage. The lectures will cover both 
theoretical and experimental aspects to the attention of a non-expert audience. They will be 
complemented by tutorials (diffraction and XAS data processing), and practicals on a 
selection of artefacts taking place at several ESRF and ILL beamlines. Young scientists and 
newcomers at the interfaces of the disciplines of archaeology, archaeological science, art 
conservation and materials science are welcome. 

 

ORGANISERS
Loïc Bertrand, Eric Dooryhee, Jean-Louis Hodeau 

Secretariat: N. Petricola (ESRF) 

Contact the Organisers of HSC5: Jean-Louis Hodeau, Eric Dooryhee, Loïc Bertrand and N. 
Petricola 
 

TOPICS



• Introductory lectures: 

Over the first 2 days, the HSC includes introductory talks on core SR and neutron 
methods (diffraction, XAS) and will also cover recent and dedicated developments in 
IR spectroscopy, full-field 2/3D imaging, micro-beams and microscopy, together with 
related tutorials. 

 

• Complementarity lectures 
The last day covers a variety of archaeological and cultural heritage issues, e.g. studies 
of pigments, metal ware, manuscripts and parchments, tissues, ceramics and glasses. 

 

• Practicals 
2 days of beamtime are planned for training and practising at the ESRF and ILL. The 
participants are encouraged to discuss with us the possibility to bring over their own 
samples as test cases and for preliminary measurements. 

 

 



(4-bunch period)

Sunday, 7 
October 2007

Monday, 8 October 2007 Tuesday, 9 October 2007 Wednesday,  10 October 2007 Thursday,  11 October 2007 Friday,  12 October 2007

08:00 08:00
08:15 Welcome (J. Baruchel) Meeting point ESRF auditorium Meeting point ESRF auditorium 08:15
08:30 Introduction Practicals - 8h30-12h30 08:30

E. Pantos (UK) XRD/XAS Tutorials
9:00 X-ray Fluorescence and (8h30-10h30) Practicals ( 9h00 - 13h00) micro-beam IR Synchrotron radiation and neutrons 9:00

X-ray Absorption F. D'Acapito (IT) ID21 (M. Cotte, FR) for painting and cosmetic studies
9:30 spectrometry Groups A and B micro-beam Diffraction M. Cotte (FR) 9:30

A. Somogyi (HU) T. Hansen (DE) ID13 (M. Burghammer, DE) Powder Diffraction (9h00-10h00)

10:00 (9h00-10h30) Groups C and D ID31 (M. Brunelli, IT) Metals 10:00
Powder Diffraction G. Artioli (IT)

10:30 ID15 (V. Honkimaki, FI) XAS (10h00-11h00) 10:30
BM08  (C. Maurizio, IT)

11:00 Exploring Archeaology and Neutron diffraction XAS 11:00
Cultural Heritage with analysis of archaeological BM08  (F. D'Acapito, IT) Neutron Diffraction

11:30 Synchrotron infrared light materials D20 (T. Hansen, DE) Application of SR spectroscopy to 11:30
P. Dumas (FR) W. Kockelmann (DE) Tomography/Imaging studies of corrosive inks and pigments

12:00 (11h00-12h30) (11h00-12h30) ID19 (P. Tafforeau, FR) Grazing Incidence/2theta diffraction J. Kolar (SL) 12:00
BM02 (N. Boudet, FR) (11h30-12h30)

12:30 Grazing Incidence/2theta diffraction 12:30
BM02 (N. Boudet, FR)

13:00 13:00

13:30 13:30
Synchrotron based X-ray Presentation of practicals 

14::00 micro-analysis: Practicals - 14h00-18h00 Practicals - 14h00-18h00 Wood & Bones 14::00
principles and applications 2D and 3D Absorption T.J. Wess (UK)

14:30 J. Susini (FR) and Fluoresence Imaging micro-beam Diffraction micro-beam IR (14h00-15h00) 14:30
(13h45-15h00) P. Bleuet (FR) ID13 (M. Burghammer, DE)) ID21 (M. Cotte, FR)

15:00 (14h00 -15h30) 15:00
Powder Diffraction Powder Diffraction

15:30 Crystallography and Diffraction ID15 (V. Honkimaki, FI) ID31 (M. Brunelli, IT) Lustre pottery: medieval  15:30
techniques for Cultural nanotechnology seen by SR

16:00 Heritage Materials XAS XAS M. Vendrell (ES) 16:00
M. Anne (FR) XRD/XAS Tutorials BM08  (F. D'Acapito, IT) BM08  (C. Maurizio, IT) (15h30 - 16h30)

16:30 (15h30 - 16h45) (16h00-18h00) 16:30
16h45 bus to Museum F. D'Acapito (IT) Tomography/Imaging Neutron Diffract ion Round table and Conclusion

17:00 Groups C and D ID19 (P. Tafforeau, FR) D20 (T. Hansen, DE) Ph. Walter (FR) 17:00
T. Hansen (DE) (16h30 - 18h00)

17:30 Visit of the Groups A and B Grazing Incidence/2theta diffraction Grazing Incidence/2theta diffraction 17:30
Musée de Grenoble BM02 (N. Boudet, FR) BM02 (N. Boudet, FR)

18:00 Qumran and the Dead Sea Scrolls, a Application of X-ray synchrotron 18:00
handshake between SR microtomography for non-destructive

18:30 and Nuclear reactions 3D imaging of fossils 18:30
J. Gunneweg (ISR) (18h00-19h00) P. Tafforeau (FR)  (18h00-19h00)

19:00 19:00

Lectures in the ESRF auditorium
Tutorials in the ESRF auditorium (T. Hansen) and in the ESRF computer training room (F. D'Acapito)
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LUNCH
(12h30 - 14h00)

COFFEE
(10h30-11h00)

COFFEE
(10h30-11h00)

LUNCH
(12h30 - 13h45)

Safety Training
ESRF auditorium

(8h00 - 9h00)

Registration 
and Buffet
(Hotel Suisse et 

Bordeaux)
(18h00-20h00)

REFRESHER
(15h30-16h00)

Dinner downtown uphill

LUNCH
(13h00 - 14h00)

REFRESHER 
(15h00 - 15h30)

LUNCH
(12h30 - 13h45)

Poster Session 
Wine & Cheese

ESRF restaurant
(18h00-20h00)

LUNCH
(12h30 - 14h00)

COFFEE
(11h00-11h30)

REFRESHER 
(15h00 - 15h30)

Farewell cocktail
(ESRF entrance hall)

(18h00-20h00)



LECTURES 
 

Michel ANNE, Institut Néel, Grenoble, F 

Crystallography and Diffraction Techniques for Cultural Heritage Materials 

Gilberto ARTIOLI, Università di Padova, I 

Metals 

Pierre BLEUET, ESRF, Grenoble, F 

2D and 3D absorption and fluorescence imaging with synchrotron beams 

Marine COTTE, C2RMF, Paris, F 

Synchrotron radiation and neutrons for painting and cosmetic studies 

Paul DUMAS, SOLEIL St Aubin, F 

Exploring Archaeology and Cultural Heritage with synchrotron infrared light 

Winfried KOCKELMANN, Rutherford Appleton Laboratory, Didcot, UK 

Neutron diffraction analysis of archaeological materials 

Jana KOLAR, Ljubljana University, SL  
 

The application of synchrotron-based spectroscopic techniques to studies of corrosive inks 
and pigments  

 

Emmanuel PANTOS, SRS Daresbury, UK 

Trends in the Application of Synchrotron Technology to Cultural Heritage 

Andrea SOMOGYI, SOLEIL St Aubin, F 

X-ray fluorescence and X-ray absorption spectrometry 

Jean SUSINI, ESRF, Grenoble, F 

Synchrotron based X-ray micro-analysis: principles and applications 

http://www.ijs.si/slo/ljubljana


Paul TAFFOREAU, ESRF, Grenoble, F 

Applications of X-ray synchrotron microtomography for non-destructive 3D imaging of 
fossils 

Mario VENDRELL, Dept. Cristallografia i Mineralogia, Barcelona, ES 

Lustre pottery: study of medieval nanotechnology through SR techniques 
 

Philippe WALTER, C2RMF Paris, F 

 

Tim WESS, Cardiff University, UK 

X- ray scattering studies of  structural variation in historical and archaeological biomolecular 
samples 

CONFERENCE 
 

Jan Gunneweg, Hebrew University of Jerusalem, IS 

Trans-disciplinary examples of checking Qumran and the Dead Sea scrolls by means of 
Synchrotron Radiation and Neutron Activation Analysis. 

 



Crystallography and Diffraction Techniques 
for Cultural Heritage Materials 

 
Michel Anne 

Institut Néel - CNRS, Grenoble, France 
 

Crystal structure determination by X-ray (Synchrotron Radiation, Laboratory) and neutron 
diffraction plays always a major role in the knowledge of a compound and is even essential 
for the understanding of related physical and chemical properties. Be it proteins, new 
superconductors, polymers, pharmaceuticals, cosmetics or cultural heritage materials, the 
diffraction techniques are always highly relevant. 

Some of these materials are more complex systems and show some degree of disorder in 
their periodic arrangement, probably correlated to their inherent properties. 

Synchrotron X-ray beams are appropriate tools for examining fragile, valuable and/or 
unique artifacts with minimal or no damage. Various information can be obtained about the 
chemical composition of the objects and/or about crystallographic phases in the materials. 
Since the materials of interest are often complex in shape, covered with alteration layers 
and/or may be highly heterogeneous, the use of X-ray micro beams is very often required. 
Information on the presence of (sub)microscopically small crystalline phases can be obtained 
via µ-XRD (X-ray diffraction) and µ-SAXS (Small angle X-ray scattering). 

Powder diffraction is one of the most common techniques used as a tool for non-
destructive investigations of archaeological objects. It enables both the study of small 
specimen (extracted from easel paintings, cosmetics recipients, walls of prehistoric caves…) 
and the direct analysis of painted fragments. 

Nowadays, solving structures from single crystal data is generally carried out in a routine 
way using well-proven modern methods and software assisted by more and more powerful 
computers. Crystal structure determination from powders, a much more recent technique, is 
really less straightforward; even so the same basic principles are applied. The main drawback 
of this method is the projection of the three-dimensional reciprocal lattice onto a single axis 
(θ, d, q) which very often produces a severe overlap of the Bragg reflections. 

It is then more than mandatory to work on single crystals when they are available. 
Unfortunately, it is often hard indeed even not possible to get single crystals, for example in 
the case of disordered compounds due to their intrinsic unorganized character. 

Thus, in order to overcome these difficulties when determining crystal structures from 
powders, methods have been developed recently to improve the usual procedures. Simulated 
crystallographic models can be built from molecular chemistry, local atomic arrangement and 
structure fragments. The resulting trial structures are calculated and compared to the 
diffraction data, some atom parameters are changed in the direct space in order to find the best 
fit. Besides this, molecular dynamics, statistic genetic algorithms and simulated annealing 
help to predict the most probable crystallographic structure. The next step of the 
determination will be classical refinements of Rietveld type. 

Some definitions and principles concerning the crystalline state will be first given. Then, 
ways for determining and refining a crystal structure will be developed. Finally, some typical 
examples of structures which can be related to cultural heritage materials will be presented. 
 



Metals  
 
 

G. Artioli 
Università di Padova, Italy 

 
 
Ancient metals and metallurgical processes will be briefly described, with focus on the 
experimental information that can be presently obtained, current problems and perspectives. 
Emphasis will be on ancient copper metallurgy, because of its importance in human history. 
The case investigation of prehistoric copper axes will be treated in detail, as an example of 
non-invasive characterization of ancient manufacturing techniques. 
 
 
Outline 
 
1. Ancient metals: introduction 
 
2. Ancient metallurgy: Evidences, problems and perspectives 
 

a. Ore sources 
b. Reconstruction of ancient metal extraction processes 
c. Metallurgical processes 

 
3. Analysis of metals by neutron and synchrotron beam 
 

a. Phase analysis 
b. Metallography 
c. Surface effects: corrosion and patinas 

 
4. Case studies 



2D and 3D absorption and fluorescence imaging with synchrotron beams 
 

Pierre BLEUET 
ESRF, Grenoble, France 

 
The purpose of this lecture is to give the background of 3D imaging using synchrotron x-ray 
beams. It will begin by a progressive introduction to multidimensional imaging, from 1D to 
3D, introducing the basics of image reconstruction that allows one to have access to the 
internal structure of samples with similar lateral and depth resolutions. Then, a second part of 
the talk will focus more on practical details about beamline alignment for tomography, data 
acquisition and tricks, artifacts and artifact correction and will address some computing 
issues. Although the lecture will mainly rely on absorption imaging with a full beam, the 
basics of pencil beam tomography using other contrast signals will be addressed, in particular 
using fluorescence and/or diffraction contrast. Numerous examples will be given to support 
the methodological aspects all along the course. 
 



Synchrotron radiation and neutrons for painting and cosmetic studies 
 

Marine Cotte1,2 
1 Centre de Recherche et de Restauration des Musées de France, UMR171, Paris 

2 European Synchrotron Radiation Facility, Grenoble 
 
 
 
Analyses of paintings are usually intended for two aspects: historical knowledge (painter 
techniques, pigment synthesis, authentication…) and preservation for the future (mechanisms 
of degradation, processes of restoration…). Studies made with neutron and synchrotron 
radiation on paintings can be classified into 2 main categories: those which can be carried out 
directly on the entire painting, and others that require a micro-sampling. 
  
With two different approaches, neutron activated auto radiography (NAAR) and synchrotron 
K-edge imaging both offer a direct visualization of the elemental distributions at the painting 
scale. They can reveal the working method of the painter, some later modifications or the 
under-lying drawing as well. 
 
In parallel, lots of painting studies are made with synchrotron and neutron sources, but on 
micro-samples. The reason of such a success is linked to the intrinsic properties of the 
paintings that make classical analyses very hard. First, the amount of matter is usually very 
tiny, hence requiring sensitive techniques. Second, paintings present always multi-layered 
structures, with layer thickness of ~10µm. It leads to favour micro-imaging techniques, with a 
good lateral resolution (about one micrometer), that manage the discriminative study of each 
layer. Third, painting fragments are very complex in term of chemistry, as they are made of 
mineral and organic matters, amorphous and crystallized phases, major and minor elements. 
Accordingly, a multi-modal approach is usually essential to solve the chemical complexity of 
such hybrid materials. In this context, cosmetics have lost of similarity with paintings, as they 
are also made of pigments and binders and as parallel technical evolutions and trends are 
observed in the History of the two fields. For this reason, examples coming from both 
painting and cosmetics will illustrate the possible applications of synchrotron and neutron 
sources, such as neutron and X-ray (powder and micro-beam) diffraction, micro X-ray 
fluorescence, micro X-ray absorption spectroscopy and micro FTIR spectroscopy. 
 



Exploring Archaeology and Cultural Heritage with synchrotron infrared light 
 

P. Dumas ( SOLEIL Synchrotron) and M. Cotte ( ESRF) 
 
Synchrotrons are extremely bright sources of light , extending traditionally from the hard X-
rays to the VUV. However, during the last decade, infrared region has been thoroughly 
exploited. The brightness of the source is highly suitable for microscopy and microanalysis, 
while brightness and flux are much superior to a laboratory source in the far-Infrared region 
(also called the THz range) .  
 
 In the infrared region, for example, which traditionally uses conventional globar sources, the 
spatial resolution is limited by the amount of source power that is deliverable into the limited 
aperture. It is important to realize that it is the brightness, or power per unit (area × angle), 
which is the critical factor for microscopy.  For synchrotrons this power is emitted into a 
beam of extremely low divergence and that the source area is usually a few 100 microns by a 
few hundred microns.  Thus the synchrotron radiation sources are 100-1000 times brighter 
than the globar sources, offering the potential of imaging at higher lateral resolution, while 
keeping the contrast fidelity. In the far infrared region, the synchrotron source offers both 
advantages: flux and brightness. 
 
Multidisciplinary applications have been achieved, both in spectroscopy and microscopy, 
demonstrating the high potentiality of this synchrotron-based spectroscopic technique: some 
of these applications will be presented and are related Geology and Biology , with a direct 
application in Archeology, and Cultural Heritage. 
 
One of the most efforts that need to be made on analysis, is the data treatment. They are 
becoming sophisticated and allow treating a large number of spectra, and extracting useful 
information. These approaches rely upon a very good spectrum quality ( Signal/Noise). The 
combination of this spectrum quality with the diffraction-limited size, achived with the 
synchrotron infrared light,  is greatly beneficial and will be illustrated  along with several 
samples. 
 
Infrared spectroscopy and microscopy is facing some sample preparation constraints. The 
several approaches for preparing sample will be detailed. 
The future directions in synchrotron infrared science will be discussed: IR and THZ near field 
imaging, time resolved studies, multidimensional detectors and combination with other 
synchrotron based-analytical techniques. 
 
 
 



 
Neutron diffraction analysis of archaeological materials 

 
W. Kockelmann 

Science and Technology Facilities Council 
Rutherford Appleton Laboratory,United Kingdom 

 
 
Neutrons offer some important applications for archaeological science due to their special 
interaction properties with matter. Neutrons penetrate centimetre-deep into materials and are 
therefore suitable for non-destructive examinations of artefacts for which sampling is 
impractical or unacceptable. Neutron activation analysis utilizes the radio-activation potential 
for elemental analysis.  
 
Neutron diffraction is a direct method for the quantitative analysis of all structural features of 
materials such as phase compositions, crystal structures of the phases, crystallographic 
textures and internal strains [1-3]. There are several reasons to consider neutron diffraction as 
analytical method: (i) intact and original objects can be analysed without special preparation, 
cleaning or sampling; (ii) neutrons penetrate through coatings and corrosion layers deep into 
the material and illuminate a considerable volume portion, thus delivering representative 
structural information from the internal bulk material; (iii) neutrons are very well suited for 
analysing textures and strains, structural properties that are typically related to working and 
fabrication processes. 
 
The lecture will provide an instructive introduction into the use of neutron diffraction as a 
probe in archaeological sciences. It attempts to provide the necessary background in 
crystallography, scattering physics, and data treatment in order to analyse neutron diffraction 
data. Some case studies will be used illustrate the commonalities and differences between x-
ray and neutron diffraction. 
 
[1] W. Kockelmann, A. Kirfel, E. Hähnel, J. Archaeological Science 28 (2001) 213-222. 
[2] W. Kockelmann et al., Appl. Phys. A 83 (2006) 175–182. 
[3] S. Siano et al, Archaeometry 48 (2006) 77-96. 



The application of synchrotron-based spectroscopic techniques  
to studies of corrosive inks and pigments 

  
Jana Kolar 

MORANA RTD, Slovenia , University of Ljubljana, Faculty of Chemistry and Chemical 
Technology, Slovenia, kolar.jana@gmail.com, 

Iztok Arčon 
University of Nova Gorica, Slovenia 

Anton Meden 
University of Ljubl jana, Faculty of Chemistry and Chemical Technology, Slovenia 

Matija Strlič 
University of Ljubl jana, Faculty of Chemistry and Chemical Technology, Slovenia 

Manolis Pantos 
Daresbury Laboratory, UK 

  
 
Certain historical inks and pigments (iron gal ink, verdigirs, malachite, etc), which are often 
found in historical artefacts, may induce severe degradation of paper and parchment. As a 
result, Bach's written music is virtually falling apart, while numerous manuscripts by Galileo 
Galilei are completely destroyed. The two main reasons for the decay are acid hydrolysis and 
oxidation, catalysed by ferrous or cuprous ions.   
This paper will review utilization of synchrotron-based spectroscopic techniques such as 
extended X-ray absorption fine structure (EXAFS), X-ray absorption near edge structure 
(XANES), X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR) to 
gain deeper understanding of the chemistry, structure and aging of corrosive inks and 
pigments. Special attention will be devoted to the possible negative effects of the use of bright 
beam of X-rays to analyse organic cultural heritage materials.  
 



Trends in the Application of Synchrotron Technology to Cultural Heritage 
 

 Manolis Pantos  
Daresbury Laboratory,Warrington, UK 

 
 
It is now well established that synchrotron-based materials science techniques have 
wide application in cultural heritage research. Recent conferences and meetings on the 
general topic of science and heritage have quite convincingly demonstrated not only 
that a wide range of research problems can be addressed very successfully, but 
uniquely with synchrotron technology. Prime examples of such high profile 
applications are the micro-XRF imaging of maritime wood at the cellular level, the 
reproduction of lustre ware glazes, identification of painting pigment alteration on 
Gothic paintings, on-line electrochemistry of corroded copper and the fine-scale 
chemical mapping of altered cinnabar on Pompeian frescoes, to mention only some of 
the recent work. 

What is more important than the intelligent application of technological 
advantage, is the fact that the young generation of cultural heritage researchers, 
uninhibited by practical difficulties such as funding of research proposals and learning 
to use new technology and data analysis procedures, are blazing a new trail of 
success. They have shown aptitude and a sense of adventure. A paradigm shift has 
taken place. 

Looking further into the future, the vision is of a world-wide activity, spear-
headed by European research laboratories and museum conservation scientists. 
Synchrotron site managements have already grasped the significance of cultural 
heritage, not just as an effective way of projecting the vital role such facilities play in 
a modern global economy, but also as a splendid example of the all-inclusiveness, 
multi-, inter-, trans-disciplinarity of work carried out at synchrotron sites. 
Technological improvements, in progress or planned, for imaging beamlines at the 
nano-level, time-resolved experiments for reproduction of ancient technologies and 
three- dimensional mapping of elemental concentration, oxidation state or mineral 
composition at sub-micron length scale are most likely to be used to tackle problems 
not even contemplated before.  
 
 



X-ray fluorescence and X-ray absorption spectrometry 

Andrea SOMOGYI 
Synchrotron Soleil, St. Aubin, France 

 

The introductory part of the lecture will summarise the photon matter interactions. In the 
major part the basic principles of X-ray fluorescence and X-ray absorption spectroscopy will 
be discussed and some examples will illustrate the abilities of these techniques. An important 
advantage of both techniques is that a wide variety of solid and liquid samples can be 
investigated directly and in principle non-destructively. 

X-ray fluorescence (XRF) spectrometry is a widely used powerful multi-elemental analytical 
technique, which allows the determination of the major and trace elemental composition of a 
sample. The elemental distribution of heterogeneous samples can be investigated by scanning 
micro-XRF, where a focused X-ray beam of micro- or nanometer size is used for excitation.  

X-ray absorption spectrometry (XAS) is an element-specific probe of the local (short range) 
electronic, structural and magnetic properties of a material. Since the local structure does not 
depend on long-range crystalline order, amorphous phases and dissolved species can also be 
easily investigated. XAS is useful for concentrations from ~100 ppm to major elements. 
Micro-XAS gives a possibility to obtain spatially-resolved data on the variation of local 
structure. 

 

 



 

Synchrotron based X-ray micro-analysis: principles and applications 
 

Jean Susini 
 

European Synchrotron Radiation Facility, BP220, F-38043 Grenoble, France 
Correspondence: susini@esrf.fr 

 
 

Although culturage heritage related analysis ususally relies on laboratoty instruments, synchrotron based 
techniques are increasingly used to get insight into the chemical or/and structural compositions of specific 
samples. The principal difficulties for such analyses are: first, the samples are precious, so sampling is usually 
forbidden or must remain limited in number and size; second, they are often made of complex mixtures, of 
organic and mineral materials, so a single method is generally not enough to identify all the ingredients; Finally, 
they are rather heterogeneous at the micrometer scale, which requires discriminative techniques such as high 
resolution imaging. In this context, synchrotron based analytical techniques (diffraction, imaging and spectro-
microscopies) play an important role by offering unique capabilities in the study of complex heterogeneous 
systems. From the technical point-of-view, the emergence of high brilliance high energy X-ray sources coupled 
with advances in manufacturing technologies of focusing X-ray optics and development of new X-ray detectors 
has led to significant improvements in sub-micrometer probes for spectroscopy, diffraction and imaging 
applications in the multi-keV 'hard' X-ray range.  

Typical experiments can be broadly divided into two categories. On one hand, morphological studies, which 
require high spatial resolution and are, therefore, well adapted to 2D or 3D full-field imaging microscopy. On the 
other hand, studies dealing with co-localization and/or speciation of trace elements in heterogeneous systems. 
Scanning X-ray microprobes using various detection modes – transmission and fluorescence - are better suited 
for the latter cases, which often require both low detection limits and spectroscopic analysis capabilities for 
chemical composition and chemical state, respectively. 

This presentation will be biased towards sub-micron hard X-ray microscopy. Following a brief account on the 
characteristics of the instruments, strengths and weaknesses of X-ray microscopy and spectro-microscopy 
techniques in the 1-20keV range will be discussed and illustrated by examples of applications in Archaeometry 

 

 



Applications of X-ray synchrotron microtomography  
for non-destructive 3D imaging of fossils 

 
Dr. Paul Tafforeau  
ESRF, Grenoble, France 

 
After more than two centuries of scientific studies, fossils still have a lot of 

secrets to reveal. In many cases, external morphological investigations are 
insufficient. Both external and internal anatomical characters have to be taken into 
account in order to fully understand a fossil organism. Moreover, different scales of 
study have to be used, from the histological aspect to the general morphological one. 

Synchrotron based investigations enable very high quality three-dimensional 
non-destructive X-ray microtomographic imaging of fossils. The advantages of X-ray 
synchrotron microtomography over conventional microtomography involve several 
important physical properties of the X-ray beams produced by a synchrotron: Firstly, 
monochromatisation avoids beam hardening that is frequently severe for 
paleontological samples. Secondly, the high beam intensity available at synchrotron 
radiation sources allows rapid data acquisition on wide range of spatial resolutions, 
resulting in high quality imaging of the internal structures of the sample. Thirdly, the 
parallel geometry of the beams allows to use exact tomographic reconstruction 
algorithms leading to higher resolution for a given pixel size relatively to a 
conventional microtomograph. Finally, high beam coherence leads to additional 
imaging possibilities: phase contrast radiography, phase contrast microtomography 
and holotomography. These methods greatly improve the image contrast and therefore 
allow the study of fossils that cannot be investigated by conventional 
microtomography either due to a high degree of mineralization or low absorption 
contrast. 

Thanks to these different properties and imaging techniques, a third generation 
synchrotron radiation source and the ESRF in particular appears as an almost ideal 
investigation tool for palaeontologists. This talk will present different imaging 
techniques and the palaeontological issues that can be addressed using several 
examples. 
 

 
Examples of fossils imaged at the ESRF with increasing sizes: a Palaeozoic charophyte, a 
Miocene rodent molar, a Cretaceous insect in amber, an Eocene dermopteran, an Eocene 
primate, and a Miocene hominoid. 



Lustre pottery: study of medieval nanotechnology trough SR techniques 

Mario VENDRELL 
University of Barcelona, dept. of Crystallography and Mineralogy, Spain 

Lustre has been one of the most wonderful and exiting decorations used in ceramic 
productions. After its former productions in Iran and Iraq the know-how arrived to the 
Iberian Peninsula with the Arabian potters coming from Fatimid kingdoms. Preliminary 
analyses of this decorative layers showed that they are a thin film of metallic 
nanocrystals.  

To better understand the processes that allowed ancient potters to produce these 
decorations several techniques have been used, most of them need a high resolution and 
accuracy to resolve the structure of such small crystals. Conventional experimental 
equipments supply relevant information that allowed to characterize several of the 
features of the lustre decorations but unfortunately, some important information cannot 
be achieved and complementary techniques have to be used. Synchrotron based 
experiments allowed to know how the raw products reach among them and produced 
the thin film, how the copper and silver diffuse into the glass matrix to form metallic 
nanocrystals, etc. 

The lecture will present the characterization of several lustre-decorated ceramics from a 
medieval (13-14th centuries) of Paterna (Spain), their chemical dispersion, etc. and, on 
the basis of laboratory experiments and re-creations in a traditional workshop, the 
detailed process of production is studied. 



X- ray scattering studies of  structural variation in historical  
and archaeological biomolecular samples. 

 
 

Tim Wess 
School of Optometry and Institute of Vision, Cardiff University. 

 
 
Studies of biological tissues range from the explanted to  post mortem through 
forensic historical and archaeological contexts.  In many cases the questions required 
to be answered relate to the persistence of biological molecules or their conversion to 
other molecular forms.  This can indicate the environment/provenance of samples 
such as parchment, bone and paper.  We use X-ray scattering and diffraction 
techniques to determine molecular integrity and changes in the size and shape of bio 
crystallites. 
Specifically we have used synchrotron radiation involved with projects where:- 
1) Mapping of structural variation of gelatin distribution in  historical parchment.  
This showed that we could identify the depth of damage of techniques such as laser 
cleaning and the distribution of lipid in parchment substrata.  2) The search for intact 
niches of bioapatitie in archaeological bone. The modification of apatite to other 
crystalline forms is not uniform in many samples revealing the possibility of DNA 
survival in micropockets of bone unaltered by degradation or recrystallisation.  
3)changes in paper structure where the use of inks may alter the molecular structure of 
celluloses.  
I will described the techniques used, the samples chosen and the data processing that 
led us to make advisory decisions to conservators and archaeologists. 
 
 
 
 
 
 
 
 



Trans-disciplinary examples of checking Qumran and the Dead Sea scrolls by 
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A typical example of an European cultural heritage project has been the find of about 950 
complete as well as incomplete Hebrew writings on parchment and papyrus that today are 
better, better known as the “The Dead Sea scrolls”. They have been found near an 
unimportant site called Qumran at the Dead Sea in Israel.  
  The manuscripts being world’s first and oldest remains of monotheistic thinking are of 
enormous importance for understanding Jewish religion as well as Christianity that came 
forth out of the former, 2000 years ago.  
  Western civilization is primarily shaped by this monotheistic novelty that has survived 
2000 years and it is therefore of some interest to check the background in which this all 
started. 
 
Our ten-year period research has been twofold: (1) the use of neutron activation analysis 
(INAA) of pottery found at Qumran that has been fingerprinted and thus provided the 
contacts between the indigenous people at Qumran with their environment, (2) the use of 
Synchrotron Radiation at the ESRF to identify the yarns and dyes of ancient textiles 
found in the caves and the settlement of Qumran. 
 
A subsequent dating by TL and C14 of all this has placed the material culture of the 
Qumran settlers in a long expected frame work of time that can now also be studied in 
space. 
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