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Introduction:  Understanding the stability of hy-

drous minerals on the surface of Mars and how their 

spectral properties may vary when exposed on the sur-

face of Mars can lead to a better interpretation of ob-

servational spectral data.  [1] demonstrated that spec-

tral changes occur in a silica sinter and Fe-sulfates 

when exposed to simulated martian surface conditions 

for one year.  The data presented here are a continua-

tion of that study taking it to a two year completion 

with a larger sample suite. 

Methodology:  Nine hydrated mineral samples 

(six sulfates: sodium sulfate decahydrate, hydronium 

jarosite, fibroferrite, copiapite, coquimbite, rhombo-

clase; two zeolites: heulandite, chabazite; and a silica 

sinter) were ground using an alumina mortar and pes-

tle, dry sieved to <45 µm and subjected to 763 days of 

simulated Martian daytime surface conditions (atmos-

pheric composition, pressure, temperature and two 

periods of ultra-violet light exposure) using the Univer-

sity of Winnipeg’s Miniature Mars Environment (Mini 

ME) chamber [2] [3].  Throughout the duration of the 

experiment, the samples were exposed to a continuous 

flow of dry CO2 while sustaining an atmospheric pres-

sure of 5 Torr (660 Pa CO2).  The chamber was 

equipped with a water circulation system that was in 

thermal contact with the samples to limit their maxi-

mum temperature to approximately the current maxi-

mum surface temperatures on Mars, ~20°C [3].  Two 

separate intervals of ultra-violet (UV) irradiation (days 

260-295 and 593-650) were carried out using an air-

cooled 25 W deuterium lamp placed directly above the 

chamber illuminating the samples through a 10 mm 

thick sapphire window.  It had been established by [3] 

that the incident UV radiation over one day of labora-

tory exposure was approximately equal to 10 years of 

UV exposure on Mars. 

Diffuse reflectance spectra were acquired through 

the sapphire window relative to halon measured at i=0° 

and e=0° using a bifurcated cable with an ASD Field-

Spec Pro HR spectrometer over the wavelength range 

of 0.35 to 2.5 µm. 

      Spectra were acquired 33 times over the 763 day 

period while under Mars surface conditions as well as 

before and after the experiments were conducted.  It 

should be noted that because of light scattered by the 

sapphire window and reflecting off the aluminum walls 

of the chamber, the overall reflectance of the samples 

increase and absorption bands become less intense.  

For this reason, spectra were also acquired at ambient 

conditions with and without the sapphire window in 

place as a reference at the start and end of the experi-

mental run. Here we present selected results. 

Zeolites: Chabazite.  Chabazite is a hydrated Ca-

bearing zeolite.  All absorption features below 2.5  can 

be ascribed to OH and/or H2O.  A weak O-H absorp-

tion band was observed at 0.97 µm and a combination 

of O-H and H2O was found at 1.16 µm [4-6].  The ~1.4 

µm region displays an absorption feature which is 

comprised of a bound H2O combination band at 1.43 

µm and a less intense adsorbed H2O combination band 

at 1.47 µm [7][6].  The absorption feature at ~1.9 µm 

contains a strong bound H2O combination band at 1.92 

µm with a weaker adsorbed H2O combination band 

appearing as a shoulder at 1.97 µm [5-7]. 

     Spectral changes include a shift in spectral shape 

from concave to convex below 1.10 µm. The overall 

reflectance varies by only a few percent from day to 

day but a slight systematic decrease was observed.  The 

depth of both the ~1.40 and ~1.90 um bands decrease 

with time over the first 259 days but increase again, 

slightly, when irradiated with UV.  Following the irra-

diation, the bands became less distinct again until the 

second interval of UV light regime. An absorption 

band near 1.78 µm due to H2O vibration-libration 

combination [8] shifted slightly to longer wavelengths 

at some point during the experiment but this feature is 

only noticeable  in the spectra obtained without the 

window.  

Sulfates: Rhomboclase.  Rhomboclase is a hy-

drous ferric sulfate with three absorption features that 

are a result of the Fe
3+ 

spin forbidden ligand field tran-

sitions at 0.43, 0.53 and 0.79 µm [8].  A weak H2O 

absorption that is only apparent in the spectra without 

the sapphire window is found at 1.45 µm while the two 

stronger bands in the ~1.75 and ~2.00 µm regions are 

due to an OH combination band and an H2O combina-

tion band respectively [3].   
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Exposure to the Martian conditions caused a red-

dening of the spectrum with a drop in reflectance be-

low ~1.4 µm and an increase above that .  The intensity 

of the Fe
3+

 absorption at 0.43 µm decreases to a  mini-

mum in the first ~150 days and remains constant after 

that.  A demise of the 0.79 µm band is also evident 

within this time period.  Alternatively, the ~0.53 µm 

feature continuously beomes more distinct until the 

first phase of the UV light regime, where it decreases 

in band depth and stabilizes.  The OH band at ~1.75 

µm also recedes but only after 237 days.  For the re-

mainder of the experiment the spectra appear to have 

stabilized and are not further affected. 

Figure 1.  Reflectance spectra of chabazite through  

763 days of simulated Mars surface exposure (a) Nor-

malized at 1250 nm (b) Absolute. 
__________________________________________________________________ 

Discussion:  Spectral variations of the ~1.40 and 

~1.90 µm band intensities of chabazite in relation to 

the exposure of UV light suggest possibly adsorbed 

H2O is being remobilized to sites of bound H2O within 

the structure.  Although disparities in the spectral prop-

erties occurred throughout the exposure, the last spec-

trum attained under pressure in the CO2 environment is 

very similar to the first beyond ~0.5 µm indicating lit-

tle structual H2O was lost.  These findings imply that 

chabazite is stable under current martion surface condi-

tions. 

Deviations observed in the rhomboclase spectra 

can be associated with the loss of OH/H2O from vari-

ous sites which can affect the overall crystal structure 

and in turn the position and intensities of the Fe
3+  

ab-

sorptions in the visible regions [1].  

 

Figure 2.  Reflectance spectra of rhomboclase through 

763 days of simulated Mars surface exposure (a) Nor-

malized at 1250 nm (b) Absolute. 
________________________________________________________________ 
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