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Abstract
Nanophase materials including silicates, aluminosilicates, and iron oxides are widespread on Mars. 

These minerals are important because they likely represent a solid-phase record of ancient climatic 
conditions on the martian surface. Identification and characterization of nanophase compounds is 
technically challenging due to the small size and poorly ordered nature of these materials, particularly 
because their chemical compositions can vary widely.

This study presents spectra of several synthetic allophane and imogolite samples with a range of 
chemical compositions that are typical of the natural variability of allophanic materials. These samples 
were formed under controlled conditions and have been thoroughly characterized in terms of chemical 
composition and short-range structure.

Analyses confirmed that the synthetic materials were allophane and imogolite and were structurally 
similar to previously studied natural and synthetic examples of these phases. NMR and XAFS data 
indicated that high-Al proto-imogolite allophanes were similar in structure to imogolite but were less 
well ordered, and supported the proposed nanoball structures based on rolled octahedral Al sheets. 
Increasing Si content in allophane produced increasing tetrahedral Al substitution as well as polymer-
ized Si chain structures at Al-Si mole ratios of 1:1, and sheets and possible framework structures at 
Al-Si mole ratios of 1:2. Fe in allophanes and imogolites substituted exclusively for octahedral Al.

Reflectance spectra of the synthetic allophanes and imogolites were comparable to previously 
analyzed samples. Variations in Fe content of allophane and imogolite resulted in some observable 
changes in visible/near-infrared (VNIR) reflectance spectra, but these changes were not detectable in 
emission spectra. Emission spectra of the samples suggest that variations in Al-Si ratio of allophanes 
should be detectable using remotely sensed data. Because allophanes with different Al-Si ratios typically 
form in very different environments, this could be significant for interpretation of formation conditions 
on Mars, with high-Al compositions suggesting possible tephra weathering and high-Si compositions 
indicating possible formation from thermal waters.
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Introduction
Poorly crystalline aluminosilicates such as allophane and 

imogolite have been identified on Mars using orbital infrared 
spectroscopy (Rampe et al. 2012; Weitz et al. 2014; Bishop and 
Rampe 2016). The presence of these nanophase materials on 
Mars likely indicates a time when water was intermittent and/or 
the climate was too cold for the formation of crystalline clays 
(Bishop et al. 2018). Analysis of Mars Global Surveyor (MGS) 
Thermal Emission Spectrometer (TES) data (Christensen et al. 
2001) provided global maps of regions dominated by basaltic 
and andesitic or altered terrains (Bandfield et al. 2000; Wyatt 
and McSween 2002). As spectral libraries of Si-rich alteration 
products were developed, TES analyses were extended to include 
more complex components, including poorly crystalline Si-rich 

materials (Michalski et al. 2005, 2006; Rogers and Christensen 
2007; Ruff and Christensen 2007; Rampe et al. 2012).

Gusev crater contains regions high in Si at Home Plate 
attributed to opal or hydrated silica (Squyres et al. 2008; Rice et 
al. 2010; Ruff et al. 2011). Additional observations of amorphous 
Si on Mars were made from orbit using visible/near-infrared 
(VNIR) Compact Reconnaissance Imaging Spectrometer for 
Mars (CRISM) data (Murchie et al. 2009) at Valles Marineris 
(Milliken et al. 2008), Nili Fossae (Ehlmann et al. 2009), Nili 
Patera (Skok et al. 2010), and Mawrth Vallis (Bishop et al. 2008). 
The Mars Exploration Rovers (MERs), Spirit and Opportunity, 
analyzed fine surficial material at Gusev (Spirit) and Meridiani 
(Opportunity) with many instruments, and the Mössbauer 
spectrometer detected the presence of nanophase ferric oxides, 
hydroxides, or oxyhydroxides (np-FeOx) (Klingelhöfer et al. 
2004; Morris et al. 2004, 2006a, 2006b). This is consistent with 
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