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Opal spectrum — temper ature effects: The opal
spectrum shown in Figure 1 provides a good illustra-
tion of some of the spectral details of silica-rich mate-
rials. The 1.4 um region displays at least two partially
overlapping absorption bands, near 1.41 and 1.46 pm.
The shorter-wavelength band is assigned to the 2vgy
overtone, while the longer-wavelength band is associ-
ated with the H,O 2v, + v; combination/overtone (see
table above) [ 6, 7]. The 1.9 um region feature is also
asymmetric looking, indicative of multiple absorption
bands, specifically near 1.90 and 1.94 pm.

The shapes of the 1.4 and 1.9 pm absorption fea-
tures are different between the -60°C and +20°C spec-
tra. The silanal bands in the 2.25-um region appear
unaffected. Upon freezing, H,O molecules in larger
clusters can assume an ice-like structure, which has
different band positions than liquid water [7]. The
increase in relative intensity of the 1.46 and 1.94 um
bandsis also seen in transmission spectra[7].

Silica gel spectrum — temperature effects:
These spectral variations can extend to shorter wave-
lengths. Figure 2 shows spectra of silica gel exposed
to 100% RH for 22 hours measured at 22° and -13°C.
The 0.96um region feature is to longer wavelengths at
lower temperature (0.963 vs 0.962 um), as expected.

Silica sinter — low pressure effects: Figure 3
shows reflectance spectra of a silica sinter (opal-A)
from Wairakei, NZ. The spectra were acquired seven
months apart, during which the sample was exposed
to 5 Torr CO,. The spectral changes include a shift of
the 1.4 um absorption feature to shorter wavelengths,
adecrease in the 1.9 pm absorption feature depth, and
the appearance of an absorption feature near 2.2 um.
Collectively these changes suggest a change in the
form of the H,O (1.4 um feature), aloss of H,O (depth
of 1.9 um feature), and an increase in silanol groups
(appearance of 2.2 pym feature). They also indicate
that exposure of silica-rich materials to Mars surface
conditions can have dramatic spectral effects due to
loss and rearrangement of any preexisting H,O.

Discussion: Spectral detection of silica rich mate-
rials on Mars has been based on a downturn in Pan-
cam reflectance from 934 to 1009 nm [3] and on the
position, width and symmetry of the SIOH absorption
featurein the 2.21-2.26 um region [4].

The results from this study suggest that tempera-
ture, H,O content and form of H,O/OH can affect all
of these spectral parameters. Ongoing studies are el u-
cidating the effects of all of these parameters on re-
flectance spectra of silica-rich materials.
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|Opal: OPALO002 (<250 pm); frozen: -60°C (black); room temperature (red)

>
C

\

i
3

Absolute reflectance
=}
[}
\\

o
I

Fig. 1. Reflectance spectra of opal: room T and -60°C.
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Silica gel desiccant: SGE001 (<1 mm). Brown: room T after 22 hours in 100%
relative humidity; black: frozen: -13°C

Fig. 2. Reflectance spectra of silicagel: room T and -13°C.
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Fig. 3. Reflectance spectra of silica sinter (opal-A): ambient
conditionsand 5 Torr after seven months.
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