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Contemporary physics has developed various tech-
niques applicable to solving difficult tasks in archaeome-
try. Many of them can determine specific material prop-
erties in a nondestructive and non-invasive way, and can 
operate with spatial resolution down to micrometer scale. 
Such techniques involve ion-beam based analytical tech-
niques, e.g. Particle Induced X-Ray Emission (PIXE), 
Rutherford Backscattering Spectrometry (RBS), Nuclear 
Reaction Analysis (NRA), Elastic Recoil Detection 
Analysis (ERDA) [1], Electron Spin Resonance (ESR) 
[2] with attractive applications, for example determining 
the nature of ancient gold objects [3,4]. X-ray spectro-
scopic, fluorescence and diffraction methods are of par-
ticular importance, due, in particular to fast development 
of synchrotron-based techniques including various X-ray 
microtechniques (see e.g. [5-8]. For their success it is 
crucial that some of X-ray methods can be combined at a 
single beamline, enriching and facilitating the interpreta-
tion of measurement results. One of such combined 
methods is the Diffraction Enhanced Imaging (DEI) 

employing not only the classical absorption contrast, but 
also the contrasts due to refraction, extinction and dif-
fraction [8-14]. The synchrotron imaging methods can be 
used, in particular, for studies of archaeological objects 
and therefore, they can complete the traditional radiog-
raphy commonly used in archaeometry. They can reveal, 
in a non destructive way, both, the surface and in-depth 
details of the object structure. The depth at which the 
data are collected by the given method depends on the 
experimental conditions (incident angle, wavelength 
value or range).  

In the present study, a small part of a Roman iron 
knife, excavated, together with many other ancient ob-
jects, about year 1905 at an (inexistent now) archaeo-
logical site in Sierzchów (Łowicz district, central Po-
land) was an object of the present study. The studied 
remains of the knife (see Fig. 1) are solid but almost 
entirely corroded, composed from Fe-containing oxides. 

 

 
  

  
Figure 1. Probable shape of the original knife (upper left). Photographs of the studied part of the knife (upper 
right), fracture at the end 1 (lower left), fracture at the end 2 (lower right). 
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Figure 2. Image of the knife 
side based on the refraction 
contrast.  

 

 
Figure 3. Image of the fracture end 1 surface of the knife determined by the MAXIM 
method; different colours refer to intensity distribution of peaks characteristic to com-
ponent phases. Dark dots are attributed to diffracting single crystal grains. 

 

 

The study was performed at HASYLAB beamline 
G3. Images were collected employing the effect of re-
fraction and using the MAXIM method (mapping of the 
diffraction effect of constituent phases at selected dif-
fraction angles) [1]. For the MAXIM method, the X-ray 
energy was 7 keV chosen to avoid iron fluorescence.  

Figure 2 shows the knife-side image obtained by the 
DEI technique. This kind of radiography applies an 
analyzer crystal between sample and detector. This 
crystal either suppresses radiation refracted by the sam-
ple, if it is oriented parallel to the monochromator crys-
tal, or enhances the refracted part, if it is adjusted to the 
wing of the reflection curve of the monochromator. The 
image presented constitutes a false colour composite of 
three Eigenimages calculated (using a principal compo-
nent transformation) from exposures taken at the reflec-
tion wing at the intensity levels 15%, 50% and an in-
termediate one. The knife surface is found to be rela-
tively uniform along the knife side (except the edges) 
showing that the surface-oxide layer is homogeneous.  

A wide-range diffraction scan revealed a complex 
diffraction picture showing that one of components in 
this Fe-rich sample is likely to be hematite. It is accom-
panied by a small fraction of quartz attached because of 
the thousands-year contact with soil. Identification of 
other phases, presumably Fe-containing oxides, requires 
further work. Distribution of component phases was 
observed at the end-2 fracture (Fig. 3) by the MAXIM 
method. This image is a false colour composite of three 
Eigenimages clearly showing regions of different struc-
tural properties. The diagrams were taken from different 
regions (green, magenta and violet). The high intensity 
in the latter (dark spots) is probably due to large single 
crystal quartz grains. Further work is required to iden-
tify the phases connected to the diffraction effects ob-
served. The methods applied seem to be promising, in 
particular, for investigation of partially or fully corroded 
archaeological objects. 
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