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Introduction: X-ray amorphous materials (i.e., 

lacking long-range crystallographic order) have been 

identified on the martian surface from orbit and in-situ. 

Initial models of orbital IR spectral data identified 

volcanic glasses [e.g., 1], but subsequent interpretations 

suggested that amorphous silicates are dominantly 

secondary in nature and formed from water-rock 

interactions [e.g., 2-4]. Thermal IR spectra from the 

Mini-Thermal Emission Spectrometer on the Spirit 

rover show evidence for the amorphous secondary 

product opaline silica [e.g., 5]. X-ray diffraction (XRD) 

measurements by the CheMin instrument on the Mars 

Science Laboratory rover have identified 20-70 wt.% 

amorphous materials in every sample analyzed in Gale 

crater to date [e.g., 6]. Mass balance calculations using 

CheMin results and bulk elemental measurements by 

the Alpha Particle X-ray Spectrometer suggest the 

amorphous component in Gale crater is variably 

enriched in Si, Fe, and S [e.g., 7,8]. The compositions 

are not consistent with pure volcanic glass, indicating 

water must have been involved in the formation of 

amorphous materials in Gale crater. We seek to better 

constrain the conditions under which amorphous 

materials on Mars formed by studying the composition 

and short-range atomic order of amorphous materials in 

terrestrial analog environments via XRD and 

transmission electron microscopy (TEM).  

Field Sites to Study Mars-Analog Amorphous 

Materials:  Much of the martian surface has a basaltic 

composition [e.g., 9], and early Mars may have had a 

cold, icy, and intermittently wet climate [e.g., 10]. As 

such, we study X-ray amorphous materials that form in 

similar environments on Earth. We have studied 

proglacial sediments from the Collier and Diller Glacier 

valleys in the Three Sisters Volcanic Complex in Bend, 

Oregon, USA and from the Þórisjökull Glacier in 

southwest Iceland. Basaltic andesite is the primary 

source of sediments in the Collier and Diller Glacier 

valleys [11], whereas olivine-phyric and plagioclase-

phyric basalts are the primary sources for sediments in 

the Þórisjökull catchment [12]. The mafic sources for 

both of these sedimentary systems make them suitable 

geochemical analogs, whereas the cool climates and ice- 

and snow melt-fed waters make them appropriate 

environmental analogs for early Mars. 

Results and Implications: XRD indicates 

sediments from both environments contain ~10-40 wt.% 

X-ray amorphous materials. At the Three Sisters site, 

high concentrations of dissolved silica in glacial melt 

waters lead to the precipitation of amorphous silica as 

subglacial rock coatings [13]. TEM of the <2 m size 

fraction of proglacial sediments from Three Sisters 

indicates that amorphous materials are both primary and 

secondary in nature. Primary amorphous materials 

include devitrified volcanic glass. Secondary 

amorphous materials are generally Si-Fe-Al-rich and 

are sometimes associated with phyllosilicates. Initial 

TEM analyses of proglacial sediments from Iceland 

suggest a wider diversity of amorphous materials than 

those seen in Three Sisters. We hypothesize that many 

of these secondary amorphous silicates are proto-

phyllosilicates that form in situ and partially crystallize 

to form nm-scale domains of phyllosilicates. The 

discovery of secondary Si-Fe-bearing amorphous 

materials in proglacial mafic sedimentary systems 

suggest some of the amorphous materials in Gale crater 

formed in similarly cold and wet environments. 

Sites for Further Study: In addition to studying 

amorphous materials in volcanic terrains on Earth, the 

planetary community should study secondary 

amorphous materials in impactites because impact glass 

may be an important constituent of martian sediments. 

Furthermore, the amorphous materials in Gale crater 

can be enriched in Fe and/or S, unlike the amorphous 

materials in our cold climate analog sites. It is important 

for the community to study amorphous materials that 

form in Fe- and/or S-rich terrains (e.g., ultramafic 

sources, sulfate-bearing lakes) to further characterize 

formation conditions of amorphous materials on Mars. 

Finally, studying the evolution of amorphous materials 

in diagenetic environments will help characterize 

processes that formed amorphous phases in Gale crater. 
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