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Introduction: CRISM is a visible/near-infrared 

pushbroom imaging spectrometer with 544 spectral 
channels that can acquire FRT images ~ 10 km across 
with 15-19 m pixel size [1].  The small spectral foot-
print of CRISM has allowed the recognition of numer-
ous small phyllosilicate-bearing deposits on the sur-
face of Mars [2, 3].  During recent spectral surveys, we 
found that three CRISM scenes contained areas with 
spectral properties that did not closely match the phyl-
losilicates spectrally identified by earlier studies [2-4].  
One of these areas is located in the plains around 
Valles Marineris, south of Melas Chasma (Fig. 1).  
The other two areas are located at a crater west of Nili 
Fossae and in the central peak of a crater in Terra Tyr-
rhena.  
 

 
Figure 1.  Location of CRISM scene with anoma-
lously wide spectral absorption at 2.2 :m south of Me-
las Chasma.  
  

Methods: Spectra were processed to cosine-
corrected I/F (radiance factor), then corrected for at-
mospheric absorptions using an Olympus Mons-
derived elevation-scaled atmospheric transmission 
spectrum.  Areas with 2.2-:m absorptions were lo-
cated using three-point band depth spectral search rou-
tines [5].  Spectra from areas with candidate absorp-
tions were ratioed to similar albedo, spectrally neutral 
pixels in the same image column to remove spectral 
artifacts.  Figure 2 shows ratioed CRISM spectra for 
the three areas.  Note prominent absorptions at 1.93 
and 2.21 to 2.23 :m in these spectra.  The spectrum 
from the area near Melas Chasma also has a weak 
1.39-:m absorption.   
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Figure 2.  Ratioed spectra for areas with anomalously wide 
spectral absorptions at 2.2 :m. 

 
Hydrated Silicate Glass: Studies have shown that 

over time, water diffuses into the surface of terrestrial 
volcanic flows forming a water-rich hydration rind, 
which thickens with time.  Growth of the hydration 
rinds is a non-linear function of time, relative humid-
ity, temperature, and lava composition [6-8]. Forma-
tion of Si-OH in silicate glass may be enhanced by 
exposure to pure water where there is little Na and K 
to compete with protons for exchange sites in the glass 
[9].   

Hydrated silicate glass spectrally resembles Al-
montmorillonite in the near-infrared region where both 
materials have OH-related absorptions at 1.4 and 2.2 
:m and a H2O-related absorption at 1.9 :m (Fig. 3).  
Spectrally differentiating between these materials can 
be difficult in remote sensing situations without access 
to ground truth.  Some spectral mapping techniques 
[10-12] differentiate between these materials based on 
the assumption that hydrated silicates (i.e., volcanic 
glass, opal, chalcedony, and meteoritic impactite) have 
relatively wide Si-OH combination bands compared to 
relatively narrow Al-OH combination bands in Al-
montmorillonite at 2.2 :m (Fig. 3C).  A potential prob-
lem is the possible existence of poorly crystalline Al-
montmorillonite with relatively wide Al-OH combina-
tion bands, which could be spectrally confused with 
hydrated silicate glass or amorphous opal. This potent-  

Seventh International Conference on Mars 3384.pdf

mailto:gswayze@usgs.gov


Figure 3.   A) Average of 120 CRISM spectra (ratioed) 
from the plains around Valles Marineris, south of   
Melas Chasma (from FRT image HRL000044AC) 
compared to montmorillonite and a 3,000 - 5,000 year 
old hydrated basaltic volcanic glass from Mauna Loa, 
Hawaii. Sample spectra were measured bidirectionally 
with an ASD FR spectrometer® and corrected to abso-
lute reflectance. The preheat spectrum was measured 
on the original field sample.  This sample was then 
progressively heated to 80EC under a vacuum for 96 
hours and then cooled, and its spectrum was measured 
within a few minutes after removal from the oven to 
minimize rehydration.  The same was done after heat-
ing the same sample to 105EC under a vacuum for 27 
hours, and after heating to 150EC for 21 hours at nor-
mal atmospheric pressure.  B) Details of the OH 
stretch overtone region.  A noise spike in the CRISM 
spectrum is replaced by a dotted line at 1.36 μm to 
facilitate comparison of band shapes. Vertical refer-
ence lines mark band center positions. Note decrease 
in strength of the 1.41-μm absorption and growth of a 
1.38-μm absorption with heat treatment.  C) Details of 
the Si-OH combination region. The preheat volcanic 
glass spectrum in C has a broad absorption centered at 
2.23 μm (marked by short vertical reference line), 
which narrows and shifts progressively to shorter 
wavelengths with heat treatment. 
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tial problem is compounded by the fact that mont-
morillonite and hydrated silicate glass may co-exist as 
part of a weathering sequence.  Low-temperature 
aqueous alteration of glass promotes formation of 
smectites where high Mg favors trioctahedral clays 
such as saponite and low Mg favors dioctahedral clays 
such as montmorillonite [9 and references therein].  It 
is possible that samples considered to be poorly-
crystalline Al-montmorillonite may in fact be mixtures 
of well-crystalline Al-montmorillonite and hydrated 
glass, with the glass contributing to the greater width 
of the 2.2-:m absorption. 

Spectral confusion between hydrated silicates and 
potentially poorly-crystalline Al-montmorillonite may 
not be inevitable.  Heating experiments reveal that as 
hydrated volcanic glass is dehydrated its 1.41-:m OH 
overtone becomes weak, and a new absorption appears 
at 1.38 :m and grows with progressive heating (Fig. 
3B).  This spectral change may be due to breakage of 
hydrogen bonds between surface Si-OH groups and 
surrounding water molecules, as water is driven off by 
heating or desiccation [13].  When hydroxyls in the Si-
OH groups are no longer hydrogen bonded, their O-H 
bond lengths shorten, giving rise to an overtone ab-
sorption at 1.38 :m.  These spectral changes appear to 
be reversible upon cooling and rehydration.  Heating 
or desiccating montmorillonite does not produce this 
type of spectral change. 

Implications: The CRISM spectrum from south of 
Melas Chasma has an absorption at 1.39 :m interme-
diate between that of unheated hydrated volcanic glass 
(preheat) and dehydrated volcanic glass (150EC) (Fig. 
3B).  Given the location of this absorption at a wave-
length less than 1.41 :m (the normal position for the 
OH overtone in Al-montmorillonite (Fig. 3B)) and the 
similarity of its 2.21-:m absorption’s band width and 
position to that of the 105EC volcanic glass, it is rea-
sonable to conclude that the CRISM spectrum is from 
a hydrated silicate glass on the Martian surface.  Spec-
tral modeling of the 1.39-:m absorption suggests that 
the hydration state of the surface glass material is in-
termediate between that of the preheat and 150EC ver-
sions of the sample whose spectra are shown in Figure 
3B.  Low H2O-vapor pressure, not heat, may cause Si-
OH-bearing materials on Mars to desiccate, breaking 
hydrogen bonds with molecular water.  At other areas 
on the surface of Mars, spectral features due to Si-OH 
will likely be variable at least between the extremes 
shown for the volcanic glass in Figure 3 because of the 
reversibility of the hydration-driven spectral changes.  
Similar spectral OH overtones, if they exist, are ob-
scured by noise in the CRISM spectra from Nili Fossae 
and Terra Tyrrhena (Fig. 2), thus not allowing a spec-

tral discrimination between hydrated silicate glass and 
poorly crystalline Al-montmorillonite for those spec-
tra.  Hydrovolcanism and impact events may be likely 
mechanisms to form hydrated silicate glasses on Mars. 
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