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Micro X-ray fluorescence analysis (µXRF) in the laser-heated diamond anvil cell (DAC) has been 
set up and used at the Extreme Conditions Beamline P02.2 already in 2011/2012. We have 
described the experimental procedures and examples for this type of experiments in [1].  

Now we have performed an experiment to access not only a qualitative but a quantitative micro X-
ray fluorescence analysis as well. The question to answer was: what is the lower detection limit for 
fluorescence of different elements attenuated by the diamonds? 

The X-ray fluorescence signal was collected by a single element Vortex® (SII NanoTechnology 
USA Inc.) silicon drift detector (SDD) located at ~25° from the primary beam downstream in the 
horizontal plane. The detector was equipped with a polycapillary with a working distance of 50 mm 
to collimate the fluorescence and improve the signal to noise ratio (XOS®) (see figure 1). We used a 
primary beam energy of 25.7 keV and focused the X-ray beam by KB mirrors to a spot size of 1.6 x 
2.5 µm FWHM (hor. x vert.) at the laser-heating table. 

Samples were prepared by grinding and polishing NIST 610 and 612 standards to 100 µ thick thin-
sections [2]. Out of these thin-sections we cut round samples with a diameter of ~200 µ. Boehler 
Almax type diamond anvil cells equipped with diamonds 1430 µ thick and with culet sizes of 
300 µm diameter were used. Rhenium gaskets were pre-indented to 110 µm and holes with 260 µm 
diameter drilled by spark erosion to match the size of our samples. We placed the NIST samples 
into the gasket holes and closed the cells without pressure medium (see figure 2). We did not 
compress the sample. 

We acquired XRF spectra in 100 s and 500 s each in the centre of the sample. XRF spectra were 
analysed and fitted using the PyMca software [2]. Our lower limits of detection in 1000 sec for 
selected elements are: Mo – 2.9, Sr – 4.7, Zn – 19.2 and Cu 32.3 ppm. Light elements are accessible 
down to 6.93 keV (Co) fluorescence energy using this setup and primary energy (25.7 keV). 

As a further application we analysed the µXRF of carbonates using siderite (FeCO3), dolomite 
(CaMg(CO3)2) and MgFeCO3 samples in diamond anvil cells. These measurements have been 
forerunner measurements for planned in situ experiments of carbonates with mantle silicates. While 
Fe can still be detected at low lower limits of detection, Ca cannot. Thus, besides Fe-bearing 
carbonates, strontium- and REE-doped carbonates can be studied to follow elemental 
redistributions between carbonates and silicates at mantle conditions by XRF. 
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Figure 1: Micro XRF set up at the laser heating 
table at the Extreme Conditions Beamline P02.2. 

 

 

Figure 2: NIST 610 standard sample placed in a 
Boehler Almax diamond anvil cell. 

 

 

Figure 3: Micro-XRF spectrum of NIST 610 standard in the Boehler Almax cell. 
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