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Introduction: The Sample Acquisition/Sample 

Processing and Handling subsystem of the Mars Sci-
ence Laboratory (MSL) excavated five 30 to 40 mm 
deep trenches in a sand drift in Gale Crater, Mars.  
MSL's scoop sliced diagonally downward into the sand 
and produced smooth surfaces about 40 mm long. Im-
ages of four of the five trenches taken with the mast 
camera on MSL showed a light-toned layer in the 
smooth surface of the scooped trench. Close up images 
taken with the Mars Hand Lens Imager (MAHLI) 
showed that the surface of the sand drift was armored 
with rounded, light-toned grains about 1 mm in diame-
ter (Fig. 1). Below the armoring was fine-grained 
(close to the resolution of the MAHLI image, < 0.1 
mm). Just below the sand surface was a thin, light-
toned layer then a dark layer about 12 mm thick. Below 
this dark layer was a light-toned layer about 8 mm 
thick. The layers were parallel to the surface of the 
sand drift. Below the light-toned layer was a second 
dark zone the base of which was buried with loose sand 
that had fallen into the trench.  

Hypotheses: Hypotheses for the origin of the lay-
ers are: (1) Primary mineralogical layering of feldspar 
(light) vs. olivine/pyroxene (dark).  This could be due 
to a change in mineral source region. If true, then the 
light-toned layer would have higher Al, Na, K, and 
lower Fe and Mg than dark layers.  (2) Concentrated 
dust in the light-toned layer similar to the color of the 
surface of the sand drift, which could result from a 
change in wind or sand source.  (3) Precipitation of 
light colored salts which could result in high concentra-
tions of Cl, S, C, or P and Ca, Na, or K in the light-
toned layer. Cl, S, C, and P are difficult to detect with 
Chemcam due to their high excitation energies, so if 
salts are abundant, then the total weight percent of ox-
ides in Chemcam analyses might be significantly less 
than 100 wt. %, (4) Oxidation of Mn near the surface 
could result in the upper dark layer and below the dark 
layer the oxidation of Fe could result in the light layer.  
(5) The light layer could be a zone of frost precipita-
tion followed by melting and transport of soluble ions 
out of the layer. This would result in the concentration 

of less soluble metal ions (Mn4+, Fe3+, Ti, Cr3+) in the 
light-toned layer.  (6) Soil compaction by the scoop 
may cause color changes in the sand, however, obser-
vation of the light-toned layer in the uncompressed side 
walls of the trench does not support this [1].  

Significance: Chemical disequilibrium between ox-
idants, Fe3+, Mn4+, or ClO4

- and reductants Fe2+ and 
Mn2+ can drive microbial metabolism. If the layering in 
the sand drift is due to changes in oxidation state, then 
under the right conditions of temperature, nutrients, 
and moisture, the sand can be a microbial habitat.  (The 
absence of organic carbon in Rocknest [2] indicates 
that it does not harbor life.) 

Chemistry of the Sand Drift: Chemcam deter-
mined the composition of the sand with three transects 
of ten points. Two transects were on the smooth and 
undisturbed sand on the floor of the trench (Kenyon 1 
and Kenyon 2, Fig. 1) and one transect was on the ver-
tical side wall of the trench (Epworth 3). Nine points 
were analyzed on disturbed sand on the bottom of the 
trench (Schmutz), which included 1-mm grains that 
appear to have fallen to the floor of the trench.  Five 
Chemcam analyses were of the armoring rounded 
grains on the surface of the drift.  In addition to quanti-
tative measurements of the major elements (Si, Ti, Al, 
Fe, Mg, Ca, Na, and K), Chemcam qualitatively deter-
mined the abundance of H and Mn. The locations of 
the analysis points were determined using the accom-
panying Remote Microscopic Imager (RMI) images of 
the trench after the LIBS analyses.  Chemical and min-
eralogical measurements were made of bulk samples of 
the same sand drift using the mass spectrometer 
(SAM), the alpha particle X-ray spectrometer (APXS) 
and X-ray diffraction (Chemin). 

Results:  The total weight percent of all oxides in 
the upper part of the sand are generally high (85 to 95 
wt. %) but in the light-toned layer and below the total 
weight percent of the oxides was 80 to 85 wt. % (Fig. 
2).  It is assumed that the low total oxides wt. % is not 
an analytical artifact but is due to a component in the 
sand that is not quantified by Chemcam. In the 39 
analyses of the sand on the floor and walls of the trench 
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there is a strong correlation of SiO2, Al2O3, Na2O, and 
K2O with the total weight percent oxide.  CaO, howev-
er, is strongly anticorrelated with total oxides wt. % 
and MgO is weakly anticorrelated with total oxides. 
(FeO is not correlated with total weight percent ox-
ides.) The correlations suggest that the component 
composed primarily of SiO2, Al2O3, Na2O, and K2O is 
mixed with a component composed of CaO plus possi-
bly MgO that contains unquantified elements.  Ele-
ments that may be associated with Ca and Mg are C, S, 
Cl, or P, as carbonate, sulfate, chlorate or perchlorate, 
or phosphate, respectively.  C, S, and Cl compounds 
were tentatively detected by SAM in the sand [2].  

Discussion: Vertical profiles of Chemcam analyses 
show that the sum of SiO2, Al2O3, Na2O, and K2O is 
highest near the upper surface of the sand drift, lowest 
at the bottom of the trench and highly variable in the 
light-toned layer.  CaO mirrors this silica + alumina + 
alkali profile. Fe is higher at the base of the light-toned 
layer than elsewhere in the section. The low sum of 
SiO2, Al2O3, Na2O, and K2O at the center of the light 
toned layer suggests that the light color is not due to an 
accumulation of feldspar.  The enrichment of CaO at 
the center of the light toned layer, however, may indi-
cate that calcium associated with an unmeasured com-
ponent is concentrated there. The high CaO, however, 
is not distributed over the full width of the light-toned 
layer, so CaO enrichment cannot be the sole cause of 
the light-toned layer. The anticorrelation of CaO and 
total oxide wt.% in Chemcam analyses of sand and soil 
at other locations in Gale Crater suggests that this phe-
nomenon is widespread.  

Conclusions: The total weight percent oxides are 
anticorrelated with CaO wt. %, which suggests that an 
unmeasured component associated with CaO (and pos-
sibly with MgO) is responsible for analyses totaling 
less than 100 wt. %.  The center of the light-toned layer 
that is about 10 to 15 mm below the surface of the sand 
drift appears to have high CaO and a low total wt. % of 
oxides. The lighter color of this layer may be due to the 
accumulation of a calcium salt, however some of the 
light-toned layer has low CaO and high total oxides, 
which suggests that the other causes of the light layer 
are likely as well.  These include diurnal frost conden-
sation on sand grains at the depth of the light-toned 
layer during the coldest part of the sol followed by 
brine formation and dissolution and transport of solu-
ble components out of the layer as the subsurface 
warms and oxidation of Fe2+ and Mn2+  by solar UV. 
 
Figure 1. MAHLI image of Scoop 2 layers in Rocknest 
Sand Drift. Course ~1mm grains cover the surface. A 
sequence of dark, light, and dark zones is evident be-
low the surface. Circles represent Chemcam 10x1 

points Kenyon 1 and Kenyon 2 that start with point 1 
deep in the trench. Epworth 10x1 on the vertical trench 
wall and 5x1 on the sand surface are not shown. Nine 
points were centered on the white Schmutz flake.  

 
 

Figure 2.  Total wt.% oxides of three transects of the 
Scoop 2, five points at the surface of the sand drift, and 
grains that fell into the trench, Schmutz. Kenyon1_8 is 
high because it appears to have hit buried grain with 
high SiO2.  
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