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Introduction:  Calcium sulfate species on Mars were 

identified from orbit using the hyperspectral VNIR 

OMEGA images [1,2] and CRISM [3]. In-situ rovers 

detected calcium sulfates as well, Opportunity in Me-

ridiani Planum using the Alpha Particle X-ray Spec-

troscopy (APXS) and PanCam multi-filters, and more 

recently MSL at Gale crater sediments [4], yet lacking 

clear discrimination between their hydration state. 

Such information is essential to estimate conditions of 

deposition or recent water cycle leading to dehydration 

or rehydration of sulfates. 

The ChemCam Laser Induced Breakdown Spectrosco-

py (LIBS) instrument [5,6] on MSL provides spectra 

to infer elemental composition from remote targets at 

a submillimeter scale (350-500 microns). The H alpha 

emission line at 656.5nm lies in the wavelength rang-

es of the spectrometer, making the instrument sensi-

tive to hydrogen content. The instrument includes a 

Remote Micro Imager (RMI) which helps identify the 

targeted points. Overall around 5900 point-locations 

have been analyzed distributed on more than 600 dif-

ferent targets. Among these about 18 calcium sulfate 

vein locations were clearly identified using both im-

agery and inferred elemental composition. Our objec-

tive is to calibrate the hydrogen signal from veins in 

order to differentiate the hydration levels of calcium 

sulfates. 

Data processing:  The instrument typically provides a 

series of 30 spectra obtained on a single point and a 

passive observation (“dark spectrum”). The Fraunho-

fer absorption line from the sun is visible in the pas-

sive spectra, so if not properly removed, the dark af-

fects the hydrogen LIBS signal. The dark is normally  

acquired after the active spectra so except for the first 

5 shots which are affected by dust cover, the darks 

properly correct most of the spectra, e.g., the last 25 

shots, which sampled the vein.  The H (656.47 nm) 

and C (657.98 nm) emission lines are close to each 

other so they are fitted together using a multi-

Lorentzian function using a process similar to [7]. 

Other nearby, low-intensity lines are added to the fit 

due to their proximity and relevance to the calcium 

sulfate targets and possible dust mixed in: Ca (657.46 

nm), O (655.20 nm), Fe (654.81nm, 659.47 nm). The 

background emission related to Bremsstrahlung con-

tinuum is fitted along with the multi-Lorentzian as a 

linear function under the hydrogen and carbon lines. 

 
Figure 1: LIBS spectra from points on calcium sulfate veins 

in the H and C line wavelength region, compared to spectra 

acquired in the lab on gypsum, bassanite and anhydrite 

(with water adsorbed). Intensity is normalized to total 

spectral emission, including continuum. 

 

 
Figure 2: RMI closeups examples of identified veins. 
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Figure 3: Spectra data (blue dots) with H (blue) and C 

(green) line fit result along with other lines (black) and 

continuum (red). Total fit is shown (thick red). 

 

Laboratory tests:  Samples of pure synthetic gypsum, 

bassanite and anhydrite powders pressed into pellets 

were used to calibrate with the LIBS signal. To ac-

quire LIBS spectra, the ChemCam EQM (Engineering 

Qualification Model), operated at -10°C,  was used. 

The sample was placed in the martian chamber at 

room temperature, then within 5 minutes the atmos-

phere was pumped and the chamber was set to 6 

mbars of CO2. For each sample we acquired 8 to 10 

observation points linearly spaced. Each includes 50 

shots at 3Hz. After each test, the sample was then 

completely dehydrated at 200°C and weighed using a 

moisture analyser. The corresponding data is shown in 

Fig. 4, showing fitted H line area normalized with 

fitted carbon line area. The amount of water adsorbed 

onto the anhydrite sample was estimated using the 

moisture analyser. 

The weight provided a measure of the bulk water con-

tent throughout the sample, whereas the instrument 

probes the first microns of the sample where the 

readsorbed water preferencially is : this explains the 

high H signal in the case of this preheated anhydrite, 

see Fig. 4. 

The hydrogen LIBS signal is sensitive to laser irradi-

ance on target which varies with distance. All spectra 

were acquired at a 1.5 m stand off distance for which 

the irradiance on target is estimated in the lab to 6.3 

GW/cm2. This corresponds to 2.5 m distance on Mars 

using the laser at 95A. The data from the veins at 

Gale Crater lies within 2.3 m and 3 m, so the irradi-

ance varies between 5.2 and 6.5 GW/cm2; these data 

are plotted along the dotted trend line. 

 
Figure 4 top: Bulk water content vs H signal area 

normalized to carbon. Black circles: pellets of gypsum. Red 

circles: bassanite. Blue triangles: anhydrite with estimated 

bulk content of water adsorbed. Data from martian veins is 

shown in orange along the dotted trend line. Bottom: 

Calibrated water vs CaO content for the above pellets and 

shot to shot data from veins. CaO content inferred using 

PLS. 

 

Preliminary results: This study highlights the in-

strument sensitivity to the water content and in partic-

ular hydration levels of calcium sulfates. Further tests 

should evaluate the effects of surface water (compared 

to bulk), distance (2.2 to 3 m), dust and cratering to 

better constrain LIBS data from Gale crater. Neverthe-

less, at this stage the data in Fig. 4 already indicates 

most of the veins studied here are in the bassanite 

range with only a few suggesting transitional behavior 

between gypsum and bassanite and possibly a mixing 

trend with hydrated dust.  
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