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Introduction:  
Phyllosilicates have been detected on Mars by 

OMEGA/MEx and by CRISM/MRO [1-3].  The 
exact formation processes that took place to form 

these minerals, however, are still unknown.  It has 

been suggested that clays were formed in the earliest 

history of Mars through the activity of liquid water 

on the surface [4].  Other possible mechanisms 

include formation by the hydrothermal processes 

caused by meteoritic impacts [5,6]. 

To fully understand these processes, most often 

it is best to make a comparison with processes that 

occur on Earth.  One example is the Deccan 

Paleosols in western India that can be used as an 

analog for these martian smectites.  There are several 

theories of how the Deccan Paleosols formed.  Some 

have suggested that they are the results of basaltic 

and volcanic ash weathering [7] and are between 61.5 

and 64.4 million years old [8] while others indicate 

they are of pyroclastic origin [9].  
This study focuses on the spectral features of the 

Deccan Paleosols, compares them to known mineral 

phases, and attempts to link their origin with the 

origin of smectites found on the martian surface. 

Samples and Analytical Methods:   
Samples were analyzed by X-ray diffraction 

(XRD).  Each sample’s reflectance spectrum was 

recorded using an FTIR in the near-infrared region 

(1.0 – 2.5 μm) and in the mid-infrared region (5 – 15 

μm). For comparison, spectra were normalized using 

a featureless area of each spectrum. Spectra shown 

henceforth have been offset for clarity. 

Results:   
The eleven samples considered in this study were 

first grouped into one of three categories: red, yellow, 

or green.  There were seven red samples, one 

yellow/green sample and three green samples.  Color 
differences are most likely a result of different 

conditions of heating. Samples were labeled A-I. 

XRD analysis showed that the samples most 

closely resemble montmorillonite, an Al-rich 

smectite (Fig. 1).  The large peak at 2θ ~ 6
o
 indicates 

the montmorillonite’s layered structure.  Other peaks 

at 2θ = 17.6
o
, 19.7

o
, 26.6

o
, and 29.8

o
 were also 

identified as signature peaks of montmorillonite.  

However, not all peaks identified in the diffractogram 

were identified as montmorillonite.  Peaks at 2θ = 

33.2
o
 and 49.6

o
 were found in common with a typical 

nontronite diffractogram.  This suggests that these 

Deccan Paleosols are a mixture of montmorillonite 

and minor nontronite, although more in-depth 

analysis is needed. 

The generally negative continuum slope and the 
small 1.46 μm are similar to the nontronite spectrum, 

but instead of a characteristic 2.3 μm Fe-OH band, a 

strong 2.2 μm Al-OH band, characteristic of 

montmorillonite, is clearly visible (Fig. 2).  Both 

similarities suggest the Deccan Paleosols are 

essentially composed of montmorillonite due to the 

strong absorption band at 2.2 μm with minor traces of 

nontronite.  The deep 1.9 μm bands in the spectra 

suggest the samples have absorbed water from the 

atmosphere.  Further IR analysis at 150
o
C under N2 

flow will correct this effect [10]. 

Position [°2Theta]

10 20 30 40 50 60

Counts

0

400

1600

3600

6400

 I

 
Figure 1: XRD analysis of Sample I (red sample) 

shows the Deccan Paleosols are composed primarily of 

montmorillonite.  

 
Figure 2: NIR reflectance spectra of Sample I (red 

sample), montmorillonite and nontronite. 
 

Some spectra indicated that the samples had 

undergone slight thermal alteration. We found that 

the red samples appeared to be more “fresh” than the 

green samples.  Figure 3 shows the NIR spectrum of 
Sample D, a green sample, compared to that of 

montmorillonite heated to 600
o
C and nontronite 

heated to 630
o
C [11].  The 2.2 μm band in the 
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Deccan Paleosol spectrum has shifted to higher 

wavelengths, and has morphed into a plateau shape, 

similar to both the heated montmorillonite and 

nontronite spectra. 
Figure 4 shows the MIR spectrum of one of the 

Deccan Paleosol samples compared to that of 

montmorillonite and nontronite.  Again, the overall 

shape of the spectrum and the band positions suggest 

the sample is mostly montmorillonite, with some 
traces of nontronite.  The absence of the 7.0 and 12.4 

μm bands in both our sample’s spectrum and the 

nontronite spectrum suggest slight amounts of 

nontronite in the sample. 

 
Figure 3: NIR reflectance spectra of Sample D (green 

sample) compared to montmorillonite heated to 600oC and 
nontronite heated to 630oC. 

 
Figure 4: MIR reflectance spectra of Sample I (red sample) 

compared to montmorillonite and nontronite. 

 

Samples that appeared to have been thermally 

altered were compared with heated samples of 

nontronite and montmorillonite (Fig. 5).  The double 

band between 5 and 6 μm and the 12.5 μm band are 

present in the Deccan spectrum and in the 

montmorillonite heated to 600
o
C, but the decreased 

5.4 μm band is also similar to nontronite heated to 

630
o
C.  This confirms the idea that the Deccan 

Paleosol samples are a mixture of montmorillonite 

and nontronite, mainly montmorillonite. 

 
Figure 5: MIR reflectance spectra of Sample D (green 
sample) compared to montmorillonite heated to 600oC and 

nontronite heated to 630oC. 

 

Discussion and Conclusions:   
From the XRD, NIR and MIR analyses, we 

found that the Deccan Paleosols most closely 

resembled the Al-rich smectite montmorillonite and 

contained evidence of traces of the Fe-smectite 

nontronite, as well as probable iron (oxy)hydroxides 

responsible for the samples’ red color.  There also 
appeared to be degrees of thermal alteration in the 

samples.  These samples’ spectra were compared to 

those of heated smectites and we found that any pure 

sample of montmorillonite or nontronite in the 

Deccan Paleosols may have been heated to around 

600
o
C. 

The Deccan Paleosols are thus a good analog for 

heated martian phyllosilicates. By comparing the 

mineralogical and spectral properties of naturally 

heated phyllosilicates from the Deccan Paleosols to 

known phases, we will determine if similar effects 

occurred on Mars, and in particular, the possible 

distinction between phyllosilicates heated by lava and 

heated by meteoritic impacts. 
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