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Iron (Fe) has a prominent influence on various biogeochemical cycles either as a limiting 
nutrient or as a factor controlling the redox conditions and the mobility of many other elements. 
Understanding the transformation of Fe during weathering processes is therefore essential in order 
to comprehend the changing abiotic conditions in pioneer ecosystems. In a current research project, 
we investigate the Fe dynamics during granite weathering in the forefield of the Dammaglacier 
(Switzerland). The retreat of the Dammaglacier has been monitored since 1920 and offers the 
possibility to study granite weathering and soil formation along a well-defined chronosequence. In 
the granite, Fe is contained in biotite (mainly Fe(II)), magnetite (1/3 Fe(II), 2/3 Fe(III)) [1] and 
feldspars. The redox state of Fe in these minerals may vary slightly. In addition, their relative 
abundance in the studied granite is not known. To characterize the speciation of Fe, we use 
element-specific Fe K-edge X-ray absorption near edge structure (XANES) spectroscopy. By 
analyzing the XANES pre-peak feature, we determine the redox state and coordination of Fe in the 
relevant Fe-bearing primary minerals in the granite. To quantify the abundance of different Fe-
species in granite and soil samples, the XANES spectra are analyzed by linear combination fits. 
Below we report preliminary results from a feasibility study. 

Unweathered bulk granite, its manually and magnetically isolated mineralogical fractions, and 
soil material developed from the granite have been analyzed at HASYLAB beamline A1 in 
transmission. High-resolution XANES spectra have been recorded in the four-crystal mode. 
Furthermore several reference minerals (containing Fe(II) and Fe(III) in octahedral and tetrahedral 
coordination) have been analyzed (Fig. 1). 
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Figure 1: XANES spectra of the bulk granite, its mineralogical constituents, of soil material developed from 
the granite, and of goethite (solid lines). The rather poor quality of the feldspar fraction is due to its low Fe 

content (<1wt%). Arrows indicate spectral contributions from biotite in the soil sample. 

To determine the oxidation state and coordination of Fe in the mineral isolates and the 
reference minerals we analyzed the pre-edge feature localized some 15 eV in front of the main 
absorption crest. The pre-edge feature originates from bound 1s→3d-transitions. While the location 
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of its centroid is sensitive to the redox-state of Fe, the total integrated area of the pre-edge feature 
depends on the coordination environment of Fe [2]. The pre-edge feature was fit with Voigt-
functions. The Lorentz width was fixed to the published natural line width (1.1 eV [1]) and the 
experimental broadening (FWHM of the Gaussian) was determined to be of the order of 0.5 eV, in 
reasonable agreement with the beamline specification (0.4 eV). As an example, the prepeak of the 
biotite isolate is shown in Fig. 2. The rather sharp spectral features [3] in the absorption spectrum 
and the small integrated area of the pre-edge peak indicate that Fe is almost exclusively 
octahedrally coordinated. Therefore, the fraction of Fe(III) in the biotite isolate was quantified by 
linearly interpolating the centroid positions of the two “end-member” spectra siderite (100% 
octahedral Fe(II)) and goethite (100% octahedral Fe(III)). The result showed that 13% of the Fe in 
the biotite is present as Fe(III) (estimated accuracy: ±10% [2]).  

To determine how the total Fe in a bulk rock or soil sample is distributed among the occurring 
Fe-phases, the bulk XANES spectra were fit as a linear combination of the spectra of the mineral 
isolates. These preliminary evaluations indicate that almost 2/3 of the Fe in the granite is bound in 
biotite, whereas magnetite, feldspar and Fe oxides account for the remaining 40% of the Fe (more 
precise estimates require a spectrum for Fe in feldspar with a better data quality). The XANES 
spectrum of the soil developed form the granite host material shows that significant oxidation of the 
Fe occurred during the weathering process (Fig. 1). However, the spectral features of biotite are 
still visible in the spectrum (arrows). For a quantitative analysis, however, we need to record 
additional reference spectra, e.g., of Fe complexed to soil organic matter or contained in clay 
minerals. 

Our first results demonstrate that Fe K-edge XANES spectroscopy is an excellent tool for 
resolving the redox state and structure of Fe in pure minerals and for speciating Fe in complex rock 
and soil samples. The spectra of the different mineral isolates of the granite do show enough 
variability for reliable linear combination fitting. Future work will have to include further 
references to allow reliable linear fitting of the soil samples. Samples from granite at different 
weathering stages and from soils of increasing age will be analyzed to establish time-series of the 
changes in Fe speciation. The results from this work will serve as an important basis for our 
ongoing study of the Fe-dynamics during granite weathering and soil development, in which Fe-
isotope fractionation is studied in field samples and laboratory experiments. 
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Figure 2: Extracted pre-edge feature of the biotite spectrum (squares). The pre-edge was fit (gray line) with 
3 voigt-functions. 
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