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Introduction and sample description 
Sandstones are used in many contemporary and historical buildings. A black surface crust 
often forms on these sandstones with time as a result of air pollutants and the mobilization of 
chemical components from minerals within the rock itself. In this respect, migration of Fe and 
a possible change in its chemical coordination during its migration towards the surface is 
suggested as a key element in the surface coloration.  
In order to optimise and improve on conservation efforts, an improved knowledge on the 
factors and processes occurring internally and at the surface of the sandstones is needed. A 
complete chemical characterization of the sandstone and its crust is therefore a necessity.  
For this study, the Belgian Bray sandstone was selected, which is a quartz arenite from the 
Middle-Upper Thanetian (Palaeocene, Palaeogene). This natural building stone was used for 
the construction of various important monuments in Binche, Mons and Gozée in Belgium 
from the 11

th
 century until 16

th
 century [1]. 

Experimental 
The µ-XRF and µ-XANES spectra were recorded on a ~500 µm thick slice of sandstone, cut 
perpendicular to its surface, comprising both the crust and the interior of the sandstone (see 
Figure 1).  
Two dimensional elemental maps of this thin sandstone section were obtained using an Eagle 
III (EDAX) laboratory micro-XRF spectrometer equipped with a Rh X-ray tube operated at 40 
kV. Spectra are recorded with a liquid nitrogen cooled Si(Li) energy dispersive detector. 
Focusing is achieved with a glass polycapillary providing a user selectable beam size of 25-
300 µm. The 2D µ-XRF maps were recorded in vacuum using a beam size of about 100 µm. 
The raw XRF spectra were converted into elemental net peak intensities using the non linear 
least squares fitting software package AXIL [2]. 
A Fe-K µ-XANES line scan over this cross section in steps of 0.5 mm was measured. The 
XANES spectra were recorded in fluorescence mode with a vortex-EX detector at beamline L 
of the DORIS III storage ring using a Si(111) monochromator. The monochromatic beam was 
focused by a polycapillary lens (XOS inc.), resulting in a beam size of about 15 µm (FWHM) 
at the Fe K edge.  

Laboratory 2D micro-XRF 
An example of the laboratory µ-XRF 2D elemental maps is given in Figure 2. Higher 
concentrations of Al, Ca and to a lesser extent Fe throughout the crust can be observed, 
indicating a surface enrichment of these elements and a slight enrichment at the transition 
between the crust and the interior of the stone.  



 

 

 
Figure 1: .Optical image of the 500 µm 

thick sandstone slice with surface crust. 

 
 
 
 

 

 
Figure 2: 2D µ-XRF elemental maps on 

Bray sandstone with crust (~500 µm thick), 

tube voltage 40 kV, beam size ~100 µm, 

LT 22 s. 
 

Synchrotron Fe K micro-XANES 

The µ-XANES spectra taken along a line 

perpendicular to the surface of the sandstone 

slice are shown in Figure 3 All XANES 

spectra are typical for Fe
3+

 in 6-coordinated 

sites, more specific like in Fe2O3 and 

FeO(OH) [3]. There are no significant 

differences in the local Fe structure as a 

function of the depth in the stone, the Fe 

cations have a Fe
3+

 oxidation state and are 

octahedrally coordinated with oxygen. Due 

to the similarity between the XANES spectra 

for Fe2O3 and FeO(OH), a possible transition 

between these two compounds can not be 

excluded nor identified with the current data 

set and will resuire additional investigation. 
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Figure 3: Fe K µ-XANES spectra on Bray sandstone 

containing the crust along a line perpendicular to 

the stone surface, compared with a Fe2O3 reference 

compound. 
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