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Introduction:  Mawrth Vallis is one of the oldest 

outflow channels on Mars, cutting through Noachian-
aged terrain on the border of the southern highlands 
and northern lowlands at ~25°N, -20°W [1, 2].  
OMEGA detected large exposures of the phyllosili-
cates nontronite and montmorillonite in this region [3-
6].  CRISM has refined these observations with the 
detection of an Fe/Mg-phyllosilicate such as Mg-
nontronite, hydrated silica, and kaolinite in addition to 
nontronite and montmorillonite [7-10].  However, the 
montmorillonite and kaolinite spectra appear to be 
mixed with another material, possibly hydrated silica 
[7, 11].  We have prepared laboratory mixtures of a) 
montmorillonite and obsidian, b) kaolinite with mont-
morillonite, and c) kaolinite with altered ash from 
Kilauea dominated by opal-A in order to better charac-
terize the CRISM spectra collected at Mawrth Vallis 
having a band near 2.2 µm. 

Methods:  Kaolinite (KGa) and montmorillonite 
(SWy) were sieved to <125 µm and then mixed at in-
tervals of 25 wt%, from pure montmorillonite to pure 
kaolinite, with additional measurements at 15, 30, 40, 
and 60 wt% kaolinite.  The mixtures were then sieved 
to <125 µm to homogenize the mixture and break up 
any clumps that may have formed.  Kaolinite (KGa) 
and hydrated silica (SiOH) from Kilauea were sieved 
to <125 µm then mixed at 25 wt% intervals, with addi-
tional mixtures at 30 and 40 wt% kaolinite, and then 
sieved again.  Montmorillonite and obsidian were 
sieved to <125 µm and mixtures prepared of 2, 5, 8, 
10, 20, 50, and 80 wt% montmorillonite.  The spectra 
were then measured in the lab relative to spectralon 
using a contact-probe ASD handheld spectrometer.  
The laboratory spectra were then compared to spectra 
previously collected from CRISM images [7, 8]. 

Results of Mixture Studies:  We have focused 
here on the ~2.2 µm absorption feature due to a com-
bination of the OH stretching and bending modes since 
the greatest change in spectral features is observed at 
this wavelength.  In all cases, the 1.4 and 1.9 µm hy-
dration features are reduced in strength as the amount 
of phyllosilicate decreases.  

Montmorillonite-obsidian.  Montmorillonite spec-
tra have an absorption at 2.210 µm due to Al2OH and 
obsidian spectra have a broader absorption centered at 
2.216 µm due to SiOH species; therefore, the band 
center of the mixtures does not shift greatly (fig. 1).  
However, since the obsidian feature is broader, the 

maximum inflection point on the longward side shifts 
to longer wavelengths with decreasing amounts of 
montmorillonite.  At 50 wt% montmorillonite the in-
flection is still in the same position as for pure mont-
morillonite, but is not as sharp.  At 20 wt% it is in an 
intermediate position, at 10 wt% it is slightly shorter 
than pure obsidian, and at 8 wt% it is in the same posi-
tion as pure obsidian (fig. 1). 
 

Fig.1 (left).  Reflectance spec-
tra from 2.1-2.4 µm of mix-
tures of montmorillonite and 
obsidian.  Vertical line marks 
band center in pure mont-
morillonite at 2.21 µm. 

 
 
Fig. 2 (right).  Reflectance spec-
tra from 2.1-2.3 µm of mixtures 
of kaolinite and montmorillonite.  
Vertical lines from left to right 
show the position of the 2.17 and 2.21 µm doublet and the maximum 
inflection point of pure montmorillonite longwards of 2.21µm. 

 
Kaolinite-montmorillonite.  Kaolinite spectra have 

a doublet at 2.17 and 2.21 µm with very steep slopes.  
Montmorillonite spectra have a single absorption at 
2.21 µm with an asymmetry to longer wavelengths.  
With decreasing kaolinite, the maximum inflection 
point on the longward side of this absorption shifts to 
longer wavelengths, more similar to montmorillonite 
(fig. 2).  Additionally, the absorption at 2.17 µm is 
reduced.  At 60 wt% kaolinite, this feature is a clear 
shoulder, while at 50 wt% it is a more gradual shoul-
der, and at 25 wt% it is barely detectable (fig. 2). 

Kaolinite-SiOH.  The Kilauea SiOH spectrum has 
an absorption at ~2.26 µm, slightly longer than that of 
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kaolinite.  As a result, the depth of the kaolinite ab-
sorption with decreasing wt% kaolinite is greatly re-
duced on the longward side, but the maximum inflec-
tion point does not shift wavelengths (fig. 3).  There is 
a clear 1.17 µm absorption observed at 75 wt% kao-
linite, a clear shoulder down to 30 wt%, and a weak 
shoulder at 25 wt% (fig. 3). 

Analysis of CRISM Spectra:  Spectra from multi-
ple images at Mawrth Vallis exhibiting a band near 2.2 
µm were compared with the lab mixture spectra. The 
mixture with 20 wt% montmorillonite-80% obsidian 
appears to most closely match the majority of CRISM 
spectra collected from Mawrth Vallis on the longward 
side of the ~2.2 µm feature (fig.4). Most Mawrth 
Vallis spectra with a band near 2.2 µm exhibit a grad-
ual slope on the shortward side of the ~2.2 µm absorp-
tion which is not observed in the mixtures.  Therefore, 
more mixtures are needed to try and explain the shape 
of this feature. 

The kaolinite-Kilauea SiOH mixtures do not match 
the CRISM observations as the 2.21 µm band is not 
broadened (fig. 5). Future mixture experiments with 
kaolinite and a pure opal or hydrated glass component 
are planned to test this further. 

The 2.21 µm feature is broadened in spectra of the 
kaolinite-montmorillonite mixtures, but not to the ex-
tent observed in CRISM spectra (fig. 6).  Additionally, 
the mixture spectra show a break in slope at ~2.24 µm 
which may be present in spectrum 43EC-b but is not 
resolved in the other CRISM observations (fig. 6). 

In summary, CRISM spectra of the Mawrth Vallis 
region having a band near 2.2 µm appear to be most 
consistent with mixtures of hydrated glass with either 
montmorillonite or kaolinite.  The kaolinite doublet is 
observable in mixtures down to ~25 wt% kaolinite. 
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Fig. 3 (left).  Spectral results of 
kaolinite-Kilauea SiOH mixtures.  
Vertical lines from left to right 
show the position of the 2.17 and 
2.21 µm doublet and the maximum 
inflection point of pure kaolinite. 

 
 

 
Fig. 4 (right).  Comparison of 
montmorillonite-obsidian mixtures 
with CRISM observations from 
image FRT0000848D, labeled a-c.  
Vertical lines show the center of 
the 2.21 µm feature and the maxi-
mum inflection point in the CRISM 
observations.  Note how well 
CRISM spectra a and b match the 
spectrum of 20% montmorillonite longwards of 2.21 µm. 

 
 

Fig. 5 (left).  Comparison of kao-
linite-SiOH mixtures with CRISM 
observations from images 
FRT0000848D, labeled d and e, 
and HRL000043EC, labeled a and 
b.  Vertical lines from left to right 
show the position of the 2.17 and 
2.21 µm doublet and the maximum 
inflection point of the CRISM 
observations.  None of the mixtures 
match the CRISM observations. 

 

 
 
 

Fig. 6 (right).  Comparison of kao-
linite-montmorillonite mixtures 
with the same CRISM observations 
as in fig. 5.  Vertical lines from left 
to right show the position of the 
2.17 and 2.21 µm doublet and the 
maximum inflection point of the 
CRISM observations. 
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