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Introduction:  A better understanding of the phys-
ical and chemical processes involved in the genesis of 
the martian soil (i.e., the loose and unconsolidated 
components of the regolith) can be gained by investi-
gating the chemical and mineralogical diversity of its 
constituents as a function of grain size, and by compar-
ing the composition of the finest soil separates to that 
of the local bedrock. The mineralogy of the <150 µm 
sieved soil fraction has been characterized by CheMin 
XRD analysis at a site called Rocknest (sand shadow) 
[1], while its volatile and organic inventory has been 
measured by the SAM instrument [2]. Its chemical 
composition can be determined by both the APXS (at a 
scale ~1.7 cm, over typical depths of a few to tens of 
microns, depending on the element) [3] and by 
ChemCam [4], a LIBS-based instrument. Advantages 
of ChemCam are its comparatively high spatial resolu-
tion and ability to retrieve depth profiles of  chemical 
composition to depths of ~4 mm in fine-grained soils, 
for series of ≥ 30 laser shots.      

Methods and dataset: Soil targets made of parti-
cles smaller (or, conversely, larger) than ~500 µm (≈ 
diameter of the laser beam) can be identified either on 
images acquired by the Remote Micro-Imager (RMI), 
or, more confidently, by investigating the variability of 
the LIBS spectra with depth resulting from laser-target 
physical effects [4, 5]. By this technique, spectra char-
acteristic of fine-grained particles (clay-sized to medi-
um sand particles, i.e., similar to those analyzed by 
SAM and CheMin) can be separated from those stem-
ming from coarse grains (i.e., coarse sand particles, 
gravels and above, which are described in a companion 
study [6]). Soil components smaller than this bounda-
ry, however, can only be identified by their chemical 
properties, without additional constraints on their size. 
For each spectrum acquired by ChemCam (i.e., each 
laser shot), a chemical composition is derived using a 
multivariate technique called Partial Least Square 
(PLS1 version) [7]. The dataset collected over the first 
550 sols of the mission consists of 58 soil targets (each 
target containing typically 5 to 20 LIBS points, with 30 
shots each). A so-called “blind targeting” acquisition 
mode has been implemented [8], which leads to the 
collection of a large and unbiased dataset aimed at 
monitoring soil chemical diversity.     

Results: Plotted in a Al/Si vs. (Fe+Mg)/Si diagram 
(Fig. 1), the composition of fine-grained particles dis-
play primarily a single cluster of typical basaltic com-
position centered between plagioclase and mafic end-
members, consistent with the presence of plagioclase, 
olivine, augite and pigeonite, and some alkali feldspars 
revealed by CheMin [1]. The dispersion observed 
probably results from several effects: first, some dis-
persion probably reflects larger variability in the laser-
target coupling, characteristic of unconsolidated mate-
rials, which could produce greater variability of the 
compositions inferred by the PLS technique. Some 
fine-grained particles, especially those closer to the 
felsic end, seem to result from the comminution or 
contamination of nearby coarse grains with felsic com-
positions [5]. Finally, the observed dispersion reflects 
some level of chemical heterogeneity within the fine-
grained particles. This is not unexpected given the 
variability in mineralogy observed by CheMin, and the 
variability in grain morphologies and colors observed 
on MAHLI images [3, 9]. In particular, CheMin has 
identified the presence of an XRD amorphous compo-
nent [1,3], to which volatiles detected by SAM 
Evolved Gas Analysis (EGA) were attributed [2], and 
whose composition was estimated using APXS bulk 
soil composition [3]. Taking this composition as a 
reference, the ChemCam dataset seems consistent with 
the presence of varying proportions of this amorphous 
component mixed with the crystalline phases identified 
(green box in Fig. 2), although some systematic differ-
ences with APXS compositions are observed, due in 
part to differences in normalization, but also due to 
lower Fe abundances measured by ChemCam (Table 
1). The ChemCam hydrogen signal also appears to be 
anti-correlated with SiO2 (Fig. 2), which is consistent 
with the presence of an Si-poor, hydrated amorphous 
component [2-4]. However, this component does not 
appear to be iron-rich in ChemCam spectra, in contrast 
to the APXS results derived from bulk chemistry.      

The low SiO2 content is also associated with a large 
deficit in the total of oxides quantified by PLS1, hint-
ing at the presence of a significant content of constitu-
ents that are not currently estimated by ChemCam 
(SO3, H2O, P2O5, Cl, etc.). Adding the bulk values of 
these other constituents as measured by APXS or SAM 
does not bring the total to 100% (Table 1). However, 
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Average 

fine 
particles 
(CCAM) 

Average 
Martian 
soil [12] 

Portage soil at 
Rocknest 

(APXS) [3] 

Portage amorphous 
component

(APXS+CheMin

SiO2 37.1 (5.9) 45.41 42.88±0.47 37.20

TiO2 1.3 (0.2) 0.90 1.19±0.03 2.06 

Al2O3 7.4 (1.7) 9.71 9.43±0.14 6.04 

FeOT 12.9 (2.7) 16.73 19.19±0.12 23.14

MgO 5.4 (2.1) 8.35 8.69±0.14 4.86 

CaO 6.8 (2.0) 6.37 7.28±0.07 5.61 

Na2O 1.6 (0.6) 2.73 2.72±0.10 3.56 

K2O 0.3 (0.3) 0.44 0.49±0.01 0.89 

Cr2O3 - 0.36 0.49±0.02 1.09 

MnO - 0.33 0.41±0.01 0.91 

P2O5 - 0.83 0.94±0.03 2.09 

SO3 - 6.16 5.45±0.10 11.01

Cl - 0.68 0.69±0.02 1.35 

Sum (S) of oxides not 
quantified by PLS1 

 8.36 7.98 16.45

Residual = (TAPXS - 
TCCAM) – S 

[w/r to the amorphous 
component] 

-19.1 

[-10.52 
(=H2O?)] 

   

Total (T) 72.8 99 99.85 99.77
 

 
Anticorrelation between the H signal and the SiO2 content of 

The exact nature of the amorphous 
is still unresolved, and 

some analyses from ChemCam and APXS made at 
be reconciled for some ele-

using the CCAM Engi-
are under way to analyse 

ing some amorphous or 
or materials that mimic the 

XRD pattern of the Rocknest samples analyzed by 
CheMin (e.g., allophane, ferrihydrite, hisingerite, 

]. Analyses of minor and trace ele-
grained particles will also be re-

 
grained particles and soils. 

, Science 341. [2] Les-
. [3] Blake et al. (2013), Science 

 341. [5] Cousin et al. 
. [6] Cousin et al. (2014), this issue. 

Spectrochim. Acta B, 82. [8] Cousin 
[9] Goetz et al. (2014), 

, submitted. [10] McSween et al. (2010), JGR 115. [11] 
, abstr.1188. [12] Taylor and 

Planetary Crusts, Cambridge. 

Portage amorphous 
component 

+CheMin) [3] 

Portage crystalline 
component 

(APXS+CheMin)[3] 

PLS1 
RMSEP 

0 47.59 7.1 

 0.47 0.55 

 12.24 3.7 

23.14 13.48 4.0 

 11.86 3.0 

 8.67 3.0 

 2.03 0.7 

 0.16 0.9 

 0 - 

 0 - 

 0 - 

11.01 0.9 - 

 0 - 

16.45 0.9  

  

99.77 99.77 11.4 

1363.pdfEighth International Conference on Mars (2014)


