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   Introduction:  Identifying minerals present on Mars 
is critical to reconstructing past environments and geo-
logical processes, and to assessing past habitability. 
Various phyllosilicates have been identified in rocks on 
Mars, including at Gale Crater, by orbiter-based spec-
troscopy [e.g., 1-4].  The formation of these minerals 
would have required the presence of persistent liquid 
water over extended periods of time.  However, the 
timing of hydrologic activity and nature of mineral 
formation processes are poorly constrained [2].  While 
Al- and Fe-Mg-phyllosilicates seem to be most com-
mon on Mars, Mg-rich phyllosilicates (e.g., serpentine, 
talc, saponite, Mg-smectite) have also been identified 
[3, 4].  Mg-rich phyllosilicates can be especially useful 
in identifying past geochemical conditions as they may 
preferentially indicate sustained aqueous conditions, 
either long-term presence of liquid water or high water-
to-rock ratios. Poorly-ordered Mg-clays, such as 
kerolite (“hydrated talc”), are kinetically favored and 
precipitate in many natural environments, and are pre-
dicted to form based on geochemical modeling, though 
may be easily overlooked [5-7]. pH is a major control 
on clay mineral precipitation and Mg-clays will form 
mostly at a pH >8.0, with specific minerals often being 
indicative of narrow pH ranges [5, 6]. The presence of 
Mg-rich phyllosilicates on Mars may thus indicate are-
as of increased liquid water activity, and aqueous envi-
ronments where circumneutral pH may have favored 
habitable conditions or the preservation of organics.  
 
We use laboratory-based Vis-NIR reflectance spectros-
copy and laser-induced breakdown spectroscopy 
(LIBS) to elucidate spectral and chemical characteris-
tics of natural Mg-rich phyllosilicates.  We critically 
assess both spectral reflectance characteristics, as well 
as major/minor element signatures of different clay 
phases in an attempt to help accurately identify these 
minerals on Mars from orbital observations and with in 
situ Vis-NIR reflectance and LIBS measurements made 
by rover-based instruments.   

 
   Methods: Reflectance spectra of <45 μm powdered 
samples were collected at either the Planetary Spectro-
photometer Facility at the University of Winnipeg 
(i=30° and e=0°, and between 2 and 7 nm resolution, 
between 0.35 and 2.5 μm; Fig. 1) or the NASA-
supported RELAB spectrometer facility at Brown Uni-
versity (i=30° and e=0°, and 5 nm resolution, between 
0.3 and 2.5 μm, relative to halon; Fig. 2). Laser-
induced breakdown spectroscopy (LIBS) was per-

formed with a custom laboratory set-up at CSA. The 
set-up includes a Q-switch Nd:YAG laser generating 8 
ns pulses at 1064 nm (20mJ@ 1 Hz) and a spectrome-
ter (Ocean Optics HR2000, 0.1nm resolution). An av-
erage spectrum was calculated based on 10 shots at 10 
closely spaced locations on pressed pellets.  All ex-
periments were done in standard atmosphere, though 
we have also begun experiments under Mars-like at-
mospheric conditions.   
 

 
Figure 1. Reflectance spectra for a talc reference standard and two 
kerolite samples.   
 

 

Figure 2. Reflectance spectra for Mg-rich and Fe-rich saponites.   
 
   Results and Discussion:   
 
Spectral Reflectance Characteristics  
The major difference between talc and kerolite is struc-
tural. As a result, their reflectance spectra are similar in 
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terms of absorption band positions (Figure 1). Pure talc 
is characterized by high overall reflectance, a sharp OH 
overtone band at 1.39 μm, and at least two narrow 
MgOH bands at 2.29 and 2.31 μm, and additional 
weaker MgOH bands at 2.39, 2.42 and 2.46 μm. 
Kerolite spectra are characterized by much shallower 
absorption bands at these wavelengths, as well as vari-
able and attenuated overall reflectance. Sample WC-09 
shows a higher overall reflectance than sample WC-01, 
possibly as a result of its higher crystal ordering (as 
determined by sharper peaks in X-ray diffraction pat-
terns).  Our kerolite spectra also exhibit side bands 
near 1.37 and 1.42 μm, as well as a broad band near 
1.90 μm that are likely all due to water. The kerolite 
spectra have an additional band, likely a doublet near 
2.18 and 2.20 μm that may be attributable to AlOH 
bands as small amounts of detrital kaolinite have been  
identified in TEM analyses of the natural kerolite sam-
ples [5]. The spectral data suggest that kerolite may be 
difficult to distinguish from talc unless they occurred in 
pure form, as relative band depths are comparable and 
band positions are essentially identical. However, they 
are distinguishable on the basis of band widths, which 
are much broader in the poorly crystalline kerolite. 
 
It has been previously noted that it is difficult to differ-
entiate talc from saponite using reflectance spectra 
alone [4]. Our data for kerolite is also very similar to 
that of Mg-rich saponite, in particular (Figure 2).  
However, Fe-rich saponite or mixed Fe-Mg-saponite 
appear to show notable differences in their spectra.  In 
particular, the metal-OH band appears to be shifted to 
slightly higher wavelength (1.40-1.41) as expected [8].  
In addition, the 2.31 and 2.39 μm bands appear to be 
very weak or absent in the Fe-rich saponites.  
 

 
Figure 3.  Portion of LIBS spectra for Mg-rich clays showing some 
of the major element emission lines. The Mg and Si peaks are high-
est for the pure Mg-clays, whereas the Ca and Al peaks are highest 
for the Ca-montmorillonite. 
 

LIBS Characteristics 
Mg/Si ratios can be used to differentiate different Mg-
clay minerals and both elements can be easily detected 
by LIBS.  Preliminary analysis shows that changes in 
mineral composition and mineral structure are reflected 
in the intensity and width of the emission lines associ-
ated with certain elements (Figure 3). Hydrogen can 
also be detected by LIBS and may provide an indica-
tion of hydration state or water content [9]. The main 
hydrogen peak, centered at 656.5nm, is strongest for 
the most hydrated clays such as sepiolite, 
montmorillonite, and serpentine, as compared to talc 
(Figure 4).  In the case of talc, a contribution from at-
mospheric water vapor, verified through independent 
experiments, may effectively limit the lower detection 
limit of hydrogen.  Further analyses and development 
of quantitative methods are being pursued. 
 

 
Figure 4. Portion of LIBS spectra for Mg-rich clays showing the 
main peak for hydrogen.  The more hydrated clays show a higher H 
peak intensity (background-subtracted data). 
 
   Conclusions: Mg-rich phyllosilicates may be im-
portant indicators of past habitable conditions on Mars. 
We have highlighted some spectral reflectance and 
LIBS characteristics of different mineral phases that 
may be useful in their identification, especially in an 
integrated geochemical and mineralogical approach 
combining these two methods.   
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