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Introduction:  Smectite minerals may be present on 

Mars [e.g. 1] and the amount of water within their struc-

tures is a sensitive recorder of their environment [2].  In 

this study, we examine the capability of the Laser-Induced 

Breakdown Spectroscopy (LIBS) technique for detecting 

hydrogen [3] in smectites. This work is especially relevant 

given that a LIBS instrument will be onboard the upcom-

ing Mars Science Laboratory (MSL) 2009 and ExoMars 

rover missions to Mars.   

Smectites are capable of adsorbing water molecules on 

grain surfaces and in the interlayer between tetrahedral-

octahedral-tetrahedral (TOT) sheets in addition to relative-

ly fixed OH content within the TOT sheets.  The amount 

of water adsorbed depends primarily on relative humidity 

(RH), interlayer cations, and layer charge [2], as well as 

temperature [4].  Experimental work and thermodynamic 

calculations [4] indicate that a Na-montmorillonite may 

adsorb up to two monolayers of water at low temperatures 

(-5°C) under high RH; additional water would be present 

as ice.  When the RH is restricted to the average partial 

pressure of water in the Martian atmosphere (1.5×10
-6

 

bar), Na-montmorillonites will likely hold less interlayer 

water [5].   

The hydration state of smectites on Mars is likely to 

vary both seasonally and diurnally.  Average RH values 

calculated for Mars by [6] reveal spatial variations as well.  

The number of water layers for a Ca-montmorillonite be-

tween 0 to 40% RH ranges from 0-2 (interstratified but 

increasing towards two layers as RH nears 40%) and up to 

three layers at RH greater than 90% [7].   

Both MSL and ExoMars will be equipped with a LIBS 

instrument that is capable of detecting hydrogen.  H peak 

heights can be used in a semi-quantitative fashion to de-

termine relative water content (assuming OH is constant).  

It may also be possible to determine water content quanti-

tatively.  This experiment is currently in progress but ini-

tial proof-of-concept results have been obtained for a Ca-

montmorillonite sample at four RH values.             

Sample Preparation:  For this pilot study, we used a 

Ca-montomorillonite #23 (Wards Sci. Est.) from Cham-

bers, AZ.  Small mineral chunks were crushed in a shatter-

box for one minute and pressed to 20 tons to form pellets.  

Natural samples were used and thus may contain small 

amounts of impurities such as quartz.  To compensate for 

any heterogeneity, multiple LIBS shots were taken and 

averaged over a line profile across the pellet (see LIBS 

Experimental Setup section).   

 Figure 1:  LIBS hydrogen peak heights (average intensity norma-

lized to total emission (TE) x 1000) for Ca-montmorillonite samples 

prepared at different RH.    

 

Experimental Setup—Relative Humidity Chambers:  

Several small chambers were built to contain samples 

where the atmosphere was held constant at various relative 

humidities using saturated salt solutions.  The following 

solutions and their corresponding RH values [8] were used 

in this experiment:  NaOH (8%), KF (31%), NaBr (58%), 

and SrCl2 (71%).  Samples were in the chambers for 48 

hours prior to being rapidly removed and placed in the 

LIBS chamber at room conditions.          

LIBS Setup:  Experiments were conducted at the Los 

Alamos National Laboratory LIBS laboratory.  The LIBS 

technique uses a Nd:YAG pulsed laser at 1064 nm to ab-

late surfaces forming a plasma of excited atoms, ions, and 

molecules.  When the excited species relax, light is emit-

ted at wavelengths characteristic to these species.  A por-

tion of this light is collected by spectrometers that detect 

the spectrum from approximately 220-325 (UV), 380-470 

(VIS), and 490-900 (VNIR) [9].  For this experiment we 

used a 25 mJ pulse at a 9 m stand-off distance.  We took 

10 shots per second with a one second exposure with five 

spectra per shot for a total of 50 shots per spot.  The five 

spectra were normalized to the total emission to compen-
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sate for variability in the LIBS procedure. The five norma-

lized spectra were then averaged for each sample in order 

to control sample heterogeneity.  This study was done 

under ambient terrestrial conditions; subsequent work will 

be conducted under Martian conditions.       

Results:  LIBS analyses indicate the presence of rela-

tively high amounts of Ca, Mg, Si, H, and O with small 

amounts of K, Na, and Fe.  This corresponds well with the 

chemical analysis of this particular clay given in [10].  

Figure 1 shows the dominant H peaks at 656.27 and 

656.29 nm (not individually resolvable).  The relative H 

peak heights correlate with increasing RH.   

Discussion:  Figure 2 presents the normalized H peak 

heights for samples prepared at different relative humidi-

ties; error bars indicate the standard deviation between 

normalized spectra.  The experiment demonstrates that the 

abundance of H in the sample does increase as the RH 

increases.  Note that the RH was not measured indepen-

dently in these syntheses nor was the amount of water in 

adsorbed into the sample.  We also note that the 8 and 

31% data points and the 58 and 71% data points are within 

error.   

Based on work by [11] and [12], a linear increase in 

water content is not expected.  Figure 3 shows a desorp-

tion isotherm for a homogenized Ca-montmorillonite from 

[11].  Measurements of water contents [e.g. 11,12] provide 

insight into the variability in water content based on inter-

layer cations and layer charge.  This underscores the need 

to have samples processed to known conditions and water 

contents measured independently for calibration against 

LIBS observations.  Future work will focus on calibrating 

H peak height with measured H content and maintaining 

controlled RH during LIBS analysis.         

Improvements for Future Experiments & Analyses:  

Subsequent iterations of this experiment will examine the 

effects of equilibration time on the LIBS spectra of smec-

tites by (a) preparing purified smectites for the experi-

ments; (b) confining pellets to RH chambers and monitor-

ing weight change to determine equilibration times; (c) 

obtaining LIBS spectra in stable RH conditions and (d) 

analyzing OH and H2O of a cross-section of the pellets 

using micro-infrared reflectance spectroscopy.   

Because LIBS is a destructive sampling technique and 

analysis requires integration of multiple shots in the same 

spot, the hydration state recorded by a particular shot is 

likely affected by prior shots.  We will investigate this 

hypothesis by examining spectra from individual shots of a 

depth profile through completely equilibrated pellets as 

determined by weight.  Additional RH values will be in-

vestigated in an attempt to relate our results to adsorp-

tion/desorption isotherms given in the literature [e.g., 

11,12].   Lastly, these experiments will be repeated in a 

Martian environment representative of both daytime and 

nighttime temperatures and pH2O.  

Figure 2:  Hydrogen peak height (average intensity normalized to 

total emission (TE) x 1000) by % relative humidity.   

 

Figure 3:  Example of a desorption isotherm for a pure Ca-

montmorillonite from [11].  p/po is equivalent to RH.   

 

Conclusions:  This proof-of-concept study has shown 

that LIBS is capable of detecting variations in the concen-

tration of water in smectites based on hydrogen signature.  

In addition to improving the experimental parameters and 

analyses and running several more iterations using various 

smectites, future work will include determining elemental 

abundance from peak heights and constraining detection 

limits and uncertainties.                   
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