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Iron-enriched Smectite Clays as Mars Soil Analogs - Chemical Reactivity in the 
Labeled Release Experiment; T. Ben-Shlomo and k Banin, Department of Soil and Water 
Science, The Hebrew University, Rehovot, Israel. 

On the basis of the martian soil elemental composition directly determined by the 
Viking landers, and through a computerized modelling-search it was proposed that the 
soil may contain phyllosilicate minerals of the smectite group mixed with iron oxides, 
and small amounts of carbonates and sulfate salts (1). Following this model and other 
data, it was suggested that significant amounts of iron in the martian soil may be 
associated with the smectite clays as adsorbed-precipitated oxide or oxyhydroq iron 
phases (2, 3). In order to further examine this model a series of iron-enriched clays, 
containing iron at concentrations up to that found in Mars soil (ca. 19% Fe20 ) was 
prepared from a standard montmorillonite (SWy-l, the Clay Minerals Society) $ the 
"Quantitative Ion Exchange Method" (4). The chemical and mineralogical properties of the 
clay and of the iron phase(s) formed in the system have been determined. The clay 
preparation procedure caused little change in the crystal lattice thus producing 
purified montmorillonite clay. free of soluble salts and minor accessory minerals but 
with the predesignated proportion of adsorbed iron and precipitated iron oxides and 
oxyhydroxides, characterized by the chemical analysis and morphological study to be 
poorly ordered and of low crystallinity (5). 

Reflectance spectra in the visiile and near-IR wavelength range revealed increasing 
absorbance below 0.7pm with the increased iron addition. Such absorbance is 
characteristic to the Mars spectra. A broad absorbance band around 0.9pm was also 
developed as more iron was added . It was also found during recent telescopical 
observations (6). However, the pronounced spectral features of crystalline smectite in 
the near-IR (2.1-23gm) and in the IR range (doublet at 20pm) were not detected in the 
martian spectra (7, 8), indicating that crystalline smectite may not be a singular 
silicate phase in the martain soil. 

Simulation of the Viking Landers Labeled Release (LR) experiment were carried by 
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the C absorption method ("Getter Technique"). (2) with: (a) Iron enriched clays, 
prepared by chemical deposition by the quantitative ion exchange method, in which the 
concentration of added iron ranged from below the exchange capacity of the clay up to 
-15%Fe203 bringing the total iron content to that found in the martain soil (Fig. 1). 
@) A physical mixture of various crystalline iron oxides (maghemite, goethite and 
hematite) and short-range-ordered ferrihydrite with iron-saturated clay (Fe-Mont, 
7%Fe203) at a constant added concentration of 12%wt Fe 0 which add-up to the iron 
concentration found in the martain soil (Fg. 2). (c)  am% 3& @) but mixed with the 
crude SWy-1 montmorillonite (which was found to be nonactive during the LR simulation, 
probably for increasing the pH values) (Fig 2). (d) Same as @) but the clay was mixed 
with 24%wt siderite (FeC03) (Fii. 2). 

The presence of excess non-crystalline or poorly crystalline iron oxides at a high 
concentration beyond the exchange capacity systematically decreased the reactivity of 
the mixture (Fig. 1). However, iron-adsorbed clay (-7%Fe 0 ) alone or when mixed with 
aystalline iron oxides up to 19%Fe 0 in series (b), 'a.t?d with siderite (d), exhibited 
good match to the decomposition rate2 flund on Mars (Fig. 2). The crystalline iron oxides 
mixed with the crude SWy-1 montmorillonite in series (c) did not simulate the LR 
reaction (Fig. 2). Levin and Straat reported also that hematite alone was not active in 
simulation of the LR reaction (9). The effect of the mixing of the less crystallized 
ferrihydrite with the iron clay in diminishing the reactivity (Fig. 2), is notably 
similar to that of the amorphous iron-oxides formed in situ (series a, Fig. 1). Addition 
of siderite to the iron clay did not cause a pronounced change in the decomposition rate 
(Fig. 2) although the addition of 12%wt magnesite (MgCO ) or dolomite (CaMg(C0 )2) and 
only 2% calcite (CaC03) substantially decreased the ?!ecomposition reaction (data not 
shown). 
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It was suggested that the formate decomposition mechanism by the iron clay is 
mainly dehydrogenation, involving electron transfer to adsorbed ~ e ~ +  (2). The presence 
of excess amorphous iron oxide or oxyhydroxide precipitates, may perhaps interfere with 
this reaction partly by adsorbing the formate to the iron oxyhydroxide. 

Thus, the presence of iron oxides per se is not sufficient to drive the 
decomposition reaction, and the iron phase(s) crystallinity and surface properties 
affect the kinetics and ex&ent of the reaction. The presence of the reactive surface of 
iron smectites seems to be essential for the decomposition reaction measured by the 
Viking landers in the LR experiment. 
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Fig 2: Decomposition of the LR 
medium by Mars soil in the V i g  
Labeled Release Experiment (VL2), 
and in simulation experiments with 
sodium formate using iron oxides 
(maghemite, goethite, hematite and 
ferrihydrite) and iron carbonate 
(siderite) mixtures with iron 
saturated clay (series b and d 
respectively), and the iron oxides 
mixed with crude montmorillonite 
(SWy-1) (series c). 
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