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ABSTRACT 
 
Energy dispersive X-ray fluorescence spectroscopy (ED-XRF) is a method of elemental analysis that 
has numerous advantages for the study of cultural heritage materials. It is rapid, nondestructive, and 
capable of simultaneous multi-element analysis. In the last 15 to 20 years, miniaturization and mass 
production have made the technique widely available to the scientific and conservation laboratories 
of arts and heritage institutions.  Although the generation of an XRF spectrum is a straightforward 
undertaking, the conversion of an XRF spectrum to an accurate quantitative estimate of elemental 
composition is a challenging undertaking.  As a result, the collaborative study of large classes of 
objects is hindered by poor interlaboratory reproducibility. This thesis addresses the collaborative 
application of XRF to the study of historic copper alloy artifacts with a particular focus on French 
gilt bronzes of the seventeenth through twenty-first centuries.  The appropriate role of XRF analysis 
is defined within the context of broader technical studies employing other methods of examination 
and analysis. The results of an early interlaboratory round robin study are presented to demonstrate 
that without the benefit of a well-designed, shared, calibration protocol, interlaboratory 
reproducibility for XRF analysis of historic copper alloys can be expected to be dismal. A detailed 
calibration protocol is thus proposed, relying of a new set of certified reference standards and the use 
of freely available open-source software for spectral analysis.  A second interlaboratory study, using a 
wide variety of instruments in use by cultural heritage institutions, demonstrates the dramatic 
improvements in reproducibility that may be expected by following the protocol.  Finally, the 
potential benefits of collaborative study using the proposed protocol are highlighted by applying 
machine learning techniques to a large reference dataset of French gilt bronze compositional data 
acquired using five different ED-XRF instruments over a ten year period.  The machine learning 
analysis outperforms more traditional statistical methods in providing an estimate of the date of 
manufacture for undated French gilt bronzes with a well-defined confidence interval.  
 


