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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)
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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 Sierzchéw (Lowicz 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.
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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.

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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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.

Programme (through the Integrated Infrastructure Initiative
"Integrating Activity on Synchrotron and Free Electron Laser
Science".) The support by M. Lohmann and J. Metge with the
DEI measurements is gratefully acknowledged.

References

[1] T. Calligaro, J.C. Dran, J. Salomon, P. Walter, Nucl.
Instrum. Meth. Phys. Res. B 226 (2004) 29-37.

[2] W.J.Rink, Radiat. Meas. 27 (1997) 975-1025.

[3] M.A.O. Salamanca, B.G. Tubio, M.L. de la Bandera,
M.A. Respaldiza, Nucl. Instrum. Meth. Phys. Res. B 226
(2004) 199-207.

[4] M.F. Guerra, T. Calligaro, J. Archaeol. Sci. 31 (2004)
1199-1208.

[5] P. Dillmann, P. Populus, P. Chevallier, P. Fluzin, G.
Béranger, A. Firsov, J. Trace Microprobe Techn. 15
(1997) 251-262.

[6] K. Janssens, G. Vittiglio, I. Deraedt, A. Aerts, B.
Vekemans, L. Vincze, F. Wei, I. Deryck, O. Schalm, F.
Adams, A. Rindby, A. Knochel, A. Simionovici, A.
Snigirev, X-Ray Spectrom. 29 (2000) 73-91.

[7] D. Grolimund, M. Senn, M. Trottmann, M. Janousch, 1.
Bonhoure, A.M. Scheidegger, M. Marcus, Spectrochim.
Acta B 59 (2004) 1627-1635.

[8] M. Schreiner, B. Fruhmann, D. Jembrih-Simburger, R.
Linke, Powder Diffrac. 19 (2004) 3-11.

[8] T. Wroblewski, Mater. Sci. Forum 404-407 (2002) 121-
126.

[9] T. Wroblewski, Radiat. Phys. Chem. 61 (2001) 329-332.

[10] K. Hirano, A. Maksimenko, H. Sugiyama, M. Ando, Jpn
J. Appl. Phys. 41 (5B) (2002) L595-L.598.

[11] F.A. Dilmanian, Z. Zhong, B. Ren, X.Y. Wu, L.D. Chap-
man, |. Orion, W.C. Thomlinson, Phys. Medic. Biol. 45
(2000) 933-946.

[12] Z. Zhong, W. Thomlinson, D. Chapman, D. Sayers, Nucl.
Instrum. Meth. Phys. Res. A 450 (2000) 556-567.

[13] A. Cedola, S. Lagomarsino, V. Komlev, F. Rustichelli,
M. Mastrogiacomo, R. Cancedda, S. Milita, M.
Burghammer, Spectrochim. Acta B 59 (2004) 1557-1564.

[14] T. Wroblewski, A. Bjeoumikhov, Nucl. Instrum. Meth.
Phys. Res. A 538 (2005) 771-777.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2834.646 3401.575]
>> setpagedevice


