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Introduction. Reflectance spectroscopy studies in the NIR and Mid-IR involving iron and 
hydration in clays have shown suppression of hydration absorption features for iron-rich relative to 
iron-poor clays, suggesting polymerization and reaction of the interlayer iron species (1,2). An X 
ray diffraction experiment on Fe-montmorillonite indicated the possibility of nanophase 
lepidocrocite formation (3). Mossbauer spectroscopy was used in the current study to examine the 
relationship between Fe-montmorillonite and several Fe-oxides including hematite, goethite, 
ferrihydrite and lepidocrocite. Fenihydrite [Fe4(0,0H,H20)12] is especially interesting due to its 
role as a precursor in the formation of hematite and goethite (4, 5). Reflectance and Mossbauer 
spectroscopies are combined in this study to characterize the form of the Fe3+ in iron-rich 
montrnorillonites. 

Methods. SWy-1 montmorillonite from the Clay Mineral Society, Source Clays Repository 
was converted to the Fe3+-, Ca- and Mg- forms using a procedure based on the quantitative ion- 
exchange method (6). Elemental abundances were determined through X ray fluorescence 
analyses. Reflectance spectra were measured with Halon as the standard on the RELAB 
spectrometer, Brown University. Mossbauer spectra were measured at room temperature and at 
4.2 K using cryogenic facilities at MIT. 

Results and Discussion. Figure 1 shows reflectance spectra from 0.3 - 1.2 pm of natural 
SWy and several variably exchanged clays. Spectra of 100% Ca- and 100% Fe-SWy have 
previously been reported in this spectral region (7). Although the natural (Na/Ca), Ca- and Mg- 
SWy have -4 wt % Fe203 in structural sites, the additional interlayer Fe3+ in the 100 % Fe (-6 wt 
%), 300 % Fe (-7.5 wt %) and 600 % Fe (-10 wt %) SWy provides significantly greater spectral 
evidence for ferric iron. The Fe-rich clays in Figure 1 are characterized by a weak, broad 
absorption at -0.9 pm, a reflectance maxima at -0.75 pm, an inflection point at -0.6 pm and a 
steep falloff toward ultraviolet wavelengths. The absorption edge is caused by 0 2 -  - Fe3+ charge 
transfer transitions, giving a strong absorption centered in the blue and ultraviolet, and the weak 
absorption near 0.9 pm is characteristic of Fe3+ crystal field transitions (8). Similar weak iron 
oxide absorptions have been characterized for nanophase hematite, goethite, maghemite and 
lepidocrocite (10). Weak absorptions near 0.7 and 0.9 pm also have been observed in telescopic 
data from Mars, and were attributed to Fe3+ electronic transitions corresponding to crystaline iron 
oxides (9). 

Room temperature Mossbauer spectra for natural SWy and 600 % Fe-SWy (Figure 2) show 
single quadrupole doublets, which match literature spectra for montmorillonite (1 1,12). The 
natural SWy gave only a single doublet at 4.2 K; however, the Fe-rich montmorillonite exhibited 
an additional sextet indicating magnetic ordering with = 48.5 tesla magnetic splitting and 
approximately zero quadrupole splitting (Figure 3). This spectrum closely resembles that of 
ferrihydrite, which has a magnetic splitting in the range 46 - 50 tesla (13). The quadrupole 
splitting of lepidocrocite at 4.2 K is also near zero, but its low magnetic hyperfine splitting (44.3 
tesla) rules out the possibility of lepidocrocite. Hematite and goethite have larger magnetic splitting 
and quadrupole splitting parameters than those of the ferrihydrite studied here. Ferrihydrite 
exhibits superparamagnetic behavior at room temperature and gives a spectrum similar to Figure 2 
(13, 14). 

Mossbauer spectroscopy demonstrates that ferrihydrite has formed in the interlayer regions of 
laboratory Fe3+-exchanged montmorillonite and suggests that this ferrihydrite is responsible for the 
ferric absorption features observed in the reflectance spectra of these samples. The strong charge 
transfer absorption and the character of the crystal field bands in the Fe3+-rich montmorillonites 
produce reflectance spectra in the laboratory which resemble the extended visible spectral range of 
Mars as seen in telescopic observations (9,15,16). Laboratory simulations of the Viking labeled- 
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release (LR) and pyrolitic release (PR) experiments using Fe-montmorillonite also have reproduced 
the results achieved with martian soil (6). These results indicate that femc-rich montmorillonite 
containing ferrihydrite and martian surface material share comparable chemical and spectral 
characteristics and that Fe3+-montmorillonite, therefore, merits further consideration as a possible 
martian soil component. 
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Figure 2: (295 K) Mossbauer Spectrum 
of 600 % Fe3+- Montmorillonite 

Figure 3: (4.2 K) Mossbauer Spectrum 
of 600 9% Fe3+ Montmorillonite 
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