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Appendix 2: Analytical Protocol for pXRF Analysis

Elemental analyses were carried out using an Olympus InnovX Delta Premium portable  

X-ray fluorescence spectrometer (pXRF), equipped with an Rh anode and a silicon drift detector 

(SDD), and providing a typical resolution of 145–155 eV FWHM for 5.9 kV X-rays (on an AISI 

316 standard). The factory-built Alloy Plus method was employed, which uses a fundamental 

parameters algorithm for quantification. Analyses were performed at 40 kV and 100 µA using 

the so-called Beam 1, which includes an Al filter in the X-ray path, for measurement times of 30 

seconds. The beam was collimated to a diameter of 3 mm, and all results are reported in percent-

age by weight (wt%). 

Analytical performance was monitored through repeat analyses of three reference standards that 

were analyzed alongside the artifacts (see appx. 2 table). These results show high reproducibility 

between analytical batches, with coefficients of variation of 2.5% or better for Cu, Ag, and Au 

across the compositional range. These tests also show good agreement between analyzed and 

reference values, which show slight underreporting of Cu and Ag, but with relative errors never 

higher than 5.7%. 

Archaeological artefacts were analysed directly without any surface preparation. Most of them 

were small enough to be placed in a field stand attached to the pXRF, which shields the radia-

tion and allows for a more stable analysis. The few larger objects were analyzed in handheld 

mode. Most objects or object parts were analyzed three times in slightly different areas (or front/

back), and average values are reported. Under our setup, the detection limits of the instrument 

are around 0.1% for most elements, but analytical uncertainty increases significantly for elements 

below 0.5%. We report average values for Cu, Ag, and Au, which were the elements consistently 

detected in all analyses. In addition, a small number of analyses yielded small concentrations of 

Ti and/or Fe, most likely deriving from surface contamination during burial but reported here to 

denote the lower data quality for these items. Finally, a number of analyses yielded traces of tin 

ranging 0.1–0.3%, typically in samples with higher Ag. Our analysis of reference materials show 

that we can reliably identify Sn in Au-Ag alloys in concentrations down to around 0.5%, but we 

cannot be confident of our quantification limits for Sn below this threshold. While tin may be 
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present in alluvial gold, upon examining the relevant spectra it was not possible to conclusively 

identify the Sn Kα peaks under the slope of the Ag Kβ—hence we decided not to report this ele-

ment.

Results of pXRF analyses of reference materials over the course of the project, and comparison 
to reference values.

Date Standard Cu Ag Sn Au
29/05/2018 MAC1 0.95 4.27 0.46 94.33
29/05/2018 MAC1 0.95 4.27 0.47 94.31
29/05/2018 MAC1 0.99 4.23 0.49 94.29
30/05/2018 MAC1 0.94 4.25 0.48 94.33
31/05/2018 MAC1 0.95 4.25 0.46 94.34
01/06/2018 MAC1 0.96 4.26 0.44 94.34
01/06/2018 MAC1 0.98 4.26 0.46 94.30
01/06/2018 MAC1 0.99 4.24 0.46 94.31
30/07/2019 MAC1 0.96 4.18 0.45 94.41

Mean 0.96 4.24 0.46 94.33
Std dev 0.02 0.03 0.02 0.03
%RSD 1.7 0.6 3.6 0.0
Reference 1 4.5 0.5 94
Delta abs -0.04 -0.26 -0.04 0.33

 Delta rel -3.6 -5.7 -7.3 0.3
29/05/2018 MAC2 4.84 18.45 1.13 75.58
29/05/2018 MAC2 4.87 18.45 1.16 75.52
29/05/2018 MAC2 5.08 18.22 1.14 75.56
30/05/2018 MAC2 5.15 18.23 1.18 75.44
31/05/2018 MAC2 4.86 18.37 1.07 75.69
01/06/2018 MAC2 4.85 18.46 1.09 75.60
30/07/2019 MAC2 4.97 18.19 1.13 75.71

Mean 4.95 18.34 1.13 75.59
Std dev 0.13 0.12 0.04 0.09
%RSD 2.5 0.7 3.3 0.1
Reference 5 19 1 75
Delta abs -0.05 -0.66 0.13 0.59

 Delta rel -1.1 -3.5 13.1 0.8
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Date Standard Cu Ag Sn Au
29/05/2018 MAC3 8.67 29.6 2.07 59.7
29/05/2018 MAC3 8.71 29.6 2.14 59.6
29/05/2018 MAC3 8.85 29.5 2.10 59.6
30/05/2018 MAC3 8.77 29.6 2.09 59.6
31/05/2018 MAC3 8.76 29.4 2.12 59.7
01/06/2018 MAC3 8.75 29.5 2.09 59.7
30/07/2019 MAC3 8.75 29.3 2.03 59.9

Mean 8.75 29.47 2.09 59.69
Std dev 0.05 0.10 0.04 0.12
%RSD 0.6 0.3 1.7 0.2
Reference 9 30 2 59
Delta abs -0.25 -0.53 0.09 0.69

 Delta rel -2.8 -1.8 4.6 1.2


