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Application of Synchrotron Radiation in Archaeology
Izumi NAKAI
Department of Applied Chemistry, Faculty of Science, Science University of Tokyo
Abstract
This paper reports current status of archaeological application of synchrotron radiation (SR). The advantages of SR in
archaeological research and various application possibilities of X-ray powder diffraction (XPD), X-ray fluorescence
(XRF) and X-ray absorption fine structure (XAFS) analyses of objects and materials of cultural heritage value are
demonstrated through a number of case studies from literatures. They include XPD characterizations of Egyptian cosmet-
ic powder, Attic Black Gloss, and pigments in Gothic altarpieces, provenance analysis of Old-Kutani china wares by high
energy XRF, and XAFS analyses to reveal origin of red color in Satsuma copper-ruby glass and role of iron in Maya blue.
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Table 1. Proportion of the four main mineral phases®
Sample Galena Cerussite | Phosgenite Laurionite

1 100

2 50 13 37

3 28 48 24

4 43 27 29 1

5 12 72 16

6 62 28 10

7 24 25 16 35

Data were obtained by Rietveld refinement of the SR powder diffrac-
tion patterns. The samples were taken from containers made of
alabaster (samples 1, 5, 6 and 7) and reed (samples 2, 3 and 4).
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Analysis of cosmetic powders. a, SR X-ray diffraction patterns for powder sample 4. Circles, experimental

data points; top trace, calculated by Rietveld refinement; bottom trace, difference. b, SEM micrograph of samples 5.
Compounds of lead and chloride are aggregated with cubic crystals of galena that have well developed faces free of altera-
tion. Scale bar, 20 um. ¢, SEM of sample 5. Laurionite grains have a fine morphology, Scale bar, 2 um?®.
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Figure 2. Photograph of the BL2.3 instrument with Hart-Parrish
diffraction geometry. A large fragment of Attic pottery is attached
to the f-circle.
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XRD pattern of the gloss surface (A) AT2 and (B) AT3 collected at BL2.3. The black trace is experimental

data and the bars are ICDD-PDF reference data (quartz, hercynite, magnetite, hematite, maghemite, ferrian spinel)?.
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(a) Central plafond (Epiphany) from the altarpiece of the Conestable. Asterisks indicate some of the points

from which samples were extracted (photography from ‘Serveis de Restauracié i Bens Mobles de la Generalitat de
Catalunya’. (b) Detail of one of the points from which a sample was extracted. (¢c) Optical microscopy image of the sam-
ple. (d) SR-XRD patterns corresponding to the cross section of a sample of the altarpiece of Conestable (beam foot

print 100 gm) 19,
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Figure 5. (a) Samples for XRF analysis of fragments of excavated
porcelain from old kilns. (b) A view of high-energy XRF analysis of
““Old Kutani”’ China ware.
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Figure 7. lassification of porcelain shreds excavated from the old
Figure 6. High-energy XRF spectra of a flagmen of porcelain exca- kilns at Kutani, Arita and Himetani based on the XRF intensities ra-

vated from the Old-Kutani kiln.

tio of Ba/Ce-Nd/Ce.
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Figure 8. Fourier transforms of k2 weighted y (k) for the copper
ruby glasses and the reference materials'®.
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Figure 9. Structural formula of indigo.
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Figure 10. Fe K-edge XANES spectra of (a) Maya blue (CHI18
and TUL2) and (b) standard reference compounds!®.
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