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Introduction:  The ChemCam instrument onboard 

Curiosity rover is a package of a Laser-Induced Break-

down Spectrometer (LIBS) coupled to a Remote Mi-

cro-Imager (RMI) [Wiens et al., this conf.]. Its main 

objective is to remotely determine the elemental com-

position of soils and rocks. Curiosity landed in a loca-

tion where conglomerates were found at sites named 

Goulburn_Scour, Link and Hottah [Williams et al., this 

conf.]. We focus here on the analysis of the data col-

lected at Link acquired at a distance of 2.66 m.   

RMI observation: The two RMI images taken at Link 

were the first and last point of the horizontal raster of 5 

points. The rough relief of the rock explains that part of 

these images are out of focus. Both images show clear-

ly a high density of gravels/pebbles with varying sizes 

from < 1mm to 8 mm for the largest (A, Fig. 1). These 

clasts show a strong variation in albedo from a minori-

ty of dark (B, C) to a majority of light ones (A, D). A 

simple area measurement for clasts larger than 2 mm 

shows that ~2/3 are light-toned while ~1/3 are dark-

toned. The shape of clast also varies from very angular 

shapes including rectangular (A) or acute angles (C) to 

more rounded pebbles (B). Image resolution of ~100 

m does not allow to distinguish if the matrix consists 

of sand-size grains or rather of clay-size grains, but 

close-ups suggest a clast-dominated mixing with low 

cement proportion. The presence of protruding clasts 

(B) shows that the rock consolidation is strong. Lastly, 

whereas LIBS spots frequently display a hole in poorly 

consolidated material, here, no holes were identified, 

suggesting a high strength. This property is different 

from the conglomerate at Goulburn_Scour where >300 

m diameter holes were observed at most laser points. 

Composition from LIBS analysis: Each ovservation-

point received 50 co-aligned laser shots, permitting a 

study of variations with depth, to ~50 m. We examine 

first the average composition extracted from the last 45 

shots (the first 5 shots are excluded to avoid contami-

nation by dust). Results from LIBS data (Table 1) show 

the first four points are similar in composition with 

only small variations. The composition is especially 

high in Ca, K and Na. Among the pre-Rocknest rock, 

Link displays a trend toward one of the richest K pro-

portion [Wiens et al., this conf.]. The Partial least 

Square [PLS, Lasue et al., this conf.] results show a 

composition corresponding to high silica and high alka-

line content (Table 1). Such a composition should not 

be taken as a whole rock composition, but as that of a 

<1 mm diameter sampling, closer to individual miner-

als. Stoechimetry of Table 1 elements suggest the 

points analyzed have a predominant feldspathic com-

position with ~50% of plagioclase (An40) and ~20% of 

orthoclase, mixed with ~20% Fe-rich pyroxene or an 

Fe-rich cement. The predominance of light-toned 

grains on the image is explainable by such a feldspathic 

composition.  

 
 

Figure 1: RMI image of Link conglomerate. Points 1 to 5 

were acquired with LIBS. No hole is visible at this scale. A 

large variety of grain size shape, size and tone is visible 

(grains A to D). 

 
Weight oxides SiO2 TiO2 Al203 Fe2O3 MgO CaO Na2O K2O 

Point1 shot 20-50 61,9 0 15,1 6,6 <4% 6,3 3,4 2,4 
Point2 shot 3-5 45,5 0,8 13,1 18,7 <4% 4,8 1,2 0,7 
Point2 shot 20-50 64,8 0 13,6 3,6 <4% 8,4 3,8 2,6 
Point3 shot 10-50 57 0 17,9 8,6 <4% 4,2 2,7 2,1 
Point4 shot 10-50 65 0 13,8 3,21 <4% 7,5 4 2,8 
Point5 shot 4-12 47,7 1,1 14,9 22,2 <4% 0,6 0,5 0,4 
Point5 shot 30-50 61,6 0 15,3 7,8 <4% 5,8 3,4 2,2 

Dust (1st shots) 39,4 0,7 10,6 15,2 6,9 8,3 2 0,6 

Soil at Portage  46,8 0,8 9 18,8 4,5 5,1 2,4 0,6 

RMSEP 7,3 0,7 3,1 5,9 4 4 1 0,9 

 

Table 1 : PLS results point by point and using shots selected 

from ICA analysis. Dust corresponds to the average compo-

sition of the five first shots. Note Link 2 and Link 5 points 

with high Fe and Ti. RMSEP corresponds to the accuracy of 

the method that depends on the database to which spectra 

are compared with. Mg is poorly resolved by PLS. 
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The darker grains observed on the image may not have 

been sampled by LIBS. Nevertheless, the fifth point 

displays a strong variation in composition between first 

and last shots. This variation is not related to dust, 

which is observed only in the very first shots (most 

dust is blasted away by the first one). The composition 

of the shots 4 to 12 shows a strong enrichment in Fe, 

Ti, Cr, and a depletion in Si, K, Na, and Ca compared 

to the 20 last shots that are roughly similar to other 

Link spectra. This trend is observable in individual 

single-shot spectra as well as in Independent Compo-

nent Analysis (ICA, Fig. 2). The presence of this high 

Fe-Ti phase in the first shots may then be linked to 

either a coating, a dark grain, or a cement. An external 

coating is possible, but the composition suggests the 

co-existence of a silicious phase rather than pure ox-

ides. A dark grain like a basaltic clast is possible from 

the Si content, but the lack of simultaneous Mg en-

richment in the spectra does not favor this hypothesis. 

The shots 4-12 have a composition closer to soil (Table 

1), but the steepness of the rock face does not suggest 

remaining soil is present. The similarity with soils 

composition, especially the high Fe-Ti suggests this 

may correspond to the matrix cementing grains, that 

may be present in various amount in all points. 

 
Figure 2 : ICA analysis of Link spectra showing variations 

in composition with depth. First points all group as dust, 

then most points group into a high Ca+Na, Si phase. First 

points of Link 5 (4 to 12) and Link 3 (3 to 5) show much 

lower Si and Ca+Na, as well as much higher Fe and Ti.  

The case of alteration : The composition at Link does 

not favor any leaching related to aqueous alteration, as 

shown from the relative stability of alkalines [Berger et 

al., this conf.]. Nevertheless, Link spectra display small 

hydrogen peaks visible at 656 nm that are usually seen 

on soils and dust [Meslin et al., this conf.], but not in 

rocks beyond the first shots. Here, all average LIBS 

points except point 4 show the presence of H. The shot 

to shot variations at Link5 suggest a higher H in the 

cement phase. These gentle peaks may be consistent 

with the presence of a low proportion (<2%) of hydrat-

ed mineral(s), perhaps segregated in the cement.  

 

 
Figure 4 : Hydrogen (656 nm) and Carbon (658 nm) emis-

sion lines of Link five points (left) and shot to shot variations 

on Link 5 (right). Carbon line is related to atmosphere only. 

It decreases because of the nearby decrease in H. 

 

Interpretation: The conglomerate at Link displays 

light-toned clasts consistent with a feldspathic compo-

sition. The high variation in clast tones suggests a pol-

ygenic origin that discards a volcanic breccia hypothe-

sis. Both impact breccia and fluvial conglomerate are 

possible based on RMI observations. Further Mastcam 

images interpretation suggests a fluvial origin is more 

likely [Williams et al., this conf. ]. In such an hypothe-

sis, the large feldspathic grains were transported from 

the rim of Gale crater, therefore supporting a crustal 

origin for this material. A Fe-Ti rich component is 

identified and may correspond to the cementing phase. 

The lack of alteration at Link precludes any long term 

aqueous activity, but the overall high water energy of 

fluvial flows in alluvial fans would not favor alteration 

anyway. The small but significant hydrogen peaks ob-

served may be related to a short-term aqueous activity 

perhaps related to the cementing material, but minor 

phases in the crust are possible alternatives for the 

presence of this H peak. More data on conglomerates 

will help to improve the variability in clast and cement 

composition and faint alteration. 
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