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Geochemical analysis applied to archaeology and deployed as a survey method has been practiced 
in Europe since the 1970s (Sjöberg 1976). A variety of methods have been used, supported by the 
development of new technologies: phosphate concentration (Crowther 1997; Holliday et Gartner 
2007; Parnell et al. 2001; Roos et Nolan 2012; Rypkema et al. 2007; Sjöberg 1976), ICP-OES 
(Dirix et al. 2013; Middleton et Price 1996; Oonk et al. 2009a; Vyncke et al. 2011; Wilson et al. 
2008, 2009), ICP-MS (Cuenca-Garcia 2015; Huisman 1998; Misarti et al. 2011), and XRF and 
pXRF (Booth et al. 2017; Ciminale et al. 2009; Cook et al. 2014; Cuenca-Garcia 2015, 2019; De 
Langhe K. 2015; Frahm et al. 2016; Huisman 1998; Hunt et Speakman 2015; Janovský et Horák 
2018; Oonk et al. 2009a, 2009b; Tereygeol et al. 2010; Vos et al. 2018). Of these methods, pXRF 
(portable X-Ray Fluorescence spectrometry) presents many advantages: portability, rapidity and 
cost-efficiency. The calibration of the equipment with certified sediment standards allows us to 
measure semi-quantitatively to quantitatively around 20 chemical elements, and ensure the validity 
and reproducibility of the results.

1. Note on X-Ray Fluorescence Principles
XRF spectrometry measures the energy level of x-rays emitted by chemical elements when these 
elements are irradiated by a radiation source, resulting in the excitation of the electrons gravitating 
around the nucleus of the atoms (Kilbride et al. 2006; Piorek 1997). The emitted energy, in the form
of x-rays, is characteristic and unique for each chemical element (Kalnicky et Singhvi 2001; Piorek 
1997).

Our pXRF spectrometer is equipped with an x-ray generator. The generated x-rays are emitted from 
the source as photons organised, or focused, into a beam. When these photons meet the atoms of the
element, or elements – in the case here sediment samples taken from the site and compressed into 
uniform pellets which are then placed  against the measurement window of instrument - they collide
with the electrons gravitating around the nucleus of the atoms. When a photon collides with one of 
the electrons, the photons transfer part of their energy and eject the electron from its natural orbit, 
much like when snooker balls collide (cf. illustration 1, step 1). The displacement of the electrons 
disrupts the electron cloud of the atom, forcing the atom to capture new free electrons to remain 
stable. This process of reassembling the atom's electron cloud produces energy in the form of 
fluorescent x-rays. These new x-rays are detected by the pXRF's sensor. Their energy is a type of 
“digital print” corresponding to the element from which they were emitted. Each element (whether 
it be magnesium, chromium, lead or any other element) emits fluorescent x-rays with specific 
energy which allows us to determine the elementary composition of the matter under study. The 
quantity of fluorescent x-rays detected is proportional to the concentration of the chemical element 
in the matter, which allows us to determine the proportion of each element, and allows the 
qualitative and quantitative analysis of the matter (cf. illustration 1, step 2).



2. Equipment
We are equipped with an Innov-X Delta Premium spectrometer, using a silicon drift detector, a 4W 
x-ray generator with a rhodium target operating between 10 and 40kV with a maximal amperage of 
200μA. It measures all elements between magnesium (Mg) and uranium (U) (illustration 2) in ppm 
(parts per million). The spectrometer is equipped with seven different filters designed to improve 
the detection of specific chemical elements. The instrument adapts its calibration to the atmospheric
pressure. The raw data (the ppm of each measured element within a given sample) was processed 
using third-party software specifically developed for geochemical analysis (IoGAS), with the raw 
data transformed into contour isobar maps and interrogated statistically (correlation matrix, K-mean
cluster analysis).

The spectrometer can be used in the field or in laboratory conditions. The Innov-X spectrometer has
different measuring “modes” available, depending on the type of material being analysed and the 
research questions. For sediments, the “Soil mode” is selected: sample excitation and measurement 
times for each of the filters (table 1) are “long”, ensuring better precision and accuracy of the results
(Johnson et al. 1995; Kalnicky et Singhvi 2001; Kilbride et al. 2006; USEPA 2007).

For this project, the spectrometer was used in laboratory conditions, with the spectrometer mounted 
within a dedicated workbench station and the measurements controlled from a laptop computer 
using Innov-X software. Sediments were sampled in the field, with a small volume of sediment 
collected into plastic bags; the sediment was then conditioned into specific xrf-compatible cups in 
the lab (see the next section on sample preparation). The prepared sediment cup is then placed 
against the measurement window, the workbench station closed and the measurement procedure 

Illustration 1: Simplified scheme of the interaction of the x-
rays emitted by the pXRF with matter



started. The Innov-X spectrometer has different measuring “modes” available, depending on the 
type of material being analysed and the research questions. For this project, the “Soil mode” was 
used: sample excitation and measurement times for each of the filters (table 1) are “long”, ensuring 
better precision and accuracy of the results (Johnson et al. 1995; Kalnicky et Singhvi 2001; Kilbride
et al. 2006; USEPA 2007).
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Table 1: Technical characteristics and set up of the equipment

3. Sediment preparation and analysis methodology
All the measurements are taken in Soil mode with a total measurement time of 200s. The raw data 
are exported in a .csv format. All the measurements are expressed in ppm, with the standard 
deviation for each also recorded (for example: 23500ppm±100 means between 23400ppm and 
23600ppm). The raw data is then treated statistically and graphically in IoGAS. While the data 
produced is quantitative in nature, for this study we are interested in the qualitative analysis of the 
data as our interest lies in the variation and concentration of chemical elements across a given 

Illustration 2: Mendeliev periodic table figuring the detected chemical elements and their detection 
limit



archaeological surface rather than the absolute value of each element (absolute values of a single 
element and combinations of select groups of elements is commonly used during materials sourcing
studies). In addition, the local geological composition of the sediments being analysed plays an 
important role in "colouring" the overall background geochemistry of each site analysed and 
therefore makes direct quantitative comparisons between the sediments of different sites difficult. 

For some chemical elements, the measured concentration can be below the detection limit of the 
equipment. However, if these elements are also present in the sediment standards used to calibrate 
the spectrometer, the standard deviation can be used as a proxy for the concentration of the element.
While our understanding of why this proxy appears to work is limited, our experience when 
comparing elements with similar origins (such as calcium and phosphorus), indicates the isobar 
maps produced by the standard deviation data is reliable.

4. Certified sediment standards
All recent pXRF spectrometers are able to perform a reliable analysis of different archaeological 
materials.; there remains, however, some variation in precision and accuracy between spectrometers
(even between different instruments from the same brand) (Shackley 2011). It is therefore very 
important to calibrate the equipment regularly by measuring certified standards, with the results of 
these measurements published along side the data in order to maximise the possibility that the 
measured data and results are both valid and reproducible.
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