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Introduction:  The Mars Science Laboratory rover 

Curiosity landed at “Bradbury Landing” in Gale crater 
(4.59°S, 137.44°E) on August 6, 2012. The first ~100 
Sols were spent traversing eastward toward a feature 
named “Glenelg”, where a contact between three dis-
tinct geologic units is apparent in orbital data. From 
Sol 60-100, the rover was stationary at a location 
called “Rocknest”, ~400 m east of Bradbury Landing, 
conducting initial soil sampling and analysis. 

Data Set: The ChemCam Laser Induced Break-
down Spectroscopy (LIBS) instrument on Curiosity is 
capable of collecting atomic emission spectra from 
laser-induced sparks on targets up to 7 m from the rov-
er [1]. These spectra can be used to determine the ele-
mental composition of target materials. Between Sol 
13 and Sol 100, ChemCam collected >14000 spectra of 
366 points on 40 different geologic targets. 

For the analyses discussed here, we averaged the 
individual spectra for each point, excluding the first 5 
laser shots to avoid the influence of dust. All spectra 
were calibrated using the automated ChemCam cali-
bration pipeline and then masked to remove instrument 
response effects, reducing the number of channels 
from 6144 to 5485. After masking, the spectra were 
normalized by dividing by the total intensity.  

Methods: Compositional trends, clusters, and end-
members can be identified in this large data set using 
methods such as Principal Components Analysis (this 
abstract) and Independent Components Analysis (ICA) 
[2], along with clustering methods such as k-means 
clustering (this abstract) and hierarchical clustering [3]. 

Principal Components Analysis (PCA): PCA is a 
method of reducing the dimensionality of multivariate 
data sets [e.g., 4]. For our masked ChemCam data set, 
each channel corresponds to a point in 5485-
dimensional space. PCA identifies principal compo-
nents (PCs), which are the orthonormal axes in this 
space along which the data shows the most variance. 
By projecting the data onto these new axes, the vari-
ance can be described using a small number of dimen-
sions. For the first 100 Sols of ChemCam data, the first 
10 PCs represent 98% of the variance in the data set.   

The value of each spectrum when projected onto 
each PC is the “score”, a linear combination of the 
original spectral channels, weighted by coefficients 
called loadings [e.g. 4]. Figure 1 shows the loadings 
and Figure 2 shows the scores for our data set. 

k-means clustering: k-means clustering is a cluster-
ing method which partitions a data set into a specified 
number of clusters by iteratively updating the cluster 
centroid location and cluster membership until conver-
gence is reached [e.g., 5]. We conducted k-means clus-
tering using the scores for the first 10 PCs of the data 
set. To avoid local minima, we repeated the clustering 
1000 times and used the clusters that minimized the 
within-cluster sum of squared distances. We used the 
metric described by [6] to determine that the optimum 
number of clusters is 3. Figure 2a shows a scores plot, 
with the points color-coded based on cluster. Point 
shape corresponds to target type. 

 

 

 
Figure 1: PC1 and PC2 loadings for the UV, VIS and VNIR 
spectral ranges. Spectra with emission lines corresponding to 
positive loadings will have higher scores for that PC, and lines 
that match negative loadings lead to lower scores for that PC. 

Results: The loadings for PC1 and PC2 (Figure 1) 
are dominated by the brightest emission lines in the 
spectra: Si, Ti, Al, Fe, Mg, Ca, Na, K, Li, O. Figure 2 
shows a scatterplot of the scores for PC1 and PC2. 
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Many of the elements associated with felsic rocks (Si, 
Al, Na, K, Ca) have positive loadings in PC1 and nega- 
tive loadings in PC2, so samples that have a high con- 
centration of these elements plot toward the lower 
right. Cluster 1 is predominantly composed of these 
more felsic samples, although it also includes a small 
number of high-Ca mafic materials such as Norite and 
Shergottite calibration targets.  Colors in Figure 2b 
indicate the rover’s distance from Bradbury landing. 
Felsic samples are generally from earlier in the trav-
erse, as has been noted by [7]. The end members, 
which plot farthest to the lower right because of their 
high Si and alkali content, are “Kam”, “Murky”, and 
“Beaulieu”. These samples have PLS [8] estimated 
SiO2 content of ~70 wt.% and Na2O+K2O of >7 wt.%. 

Cluster 2 is dominated by rock targets from Rock-
nest. These are characterized by their high Fe content, 
leading to lower PC1 scores. Despite the variable mor-
phology of the rocks in Rocknest, their compositions 
are generally similar. Several points on the rock “Pear-
son” had high Ca content compared to other Rocknest 
targets. This places the points toward the lower right of 
the cluster, but they remain members of the same clus-
ter. The end-members of this cluster (those with the 
lowest PC1 values) include points from targets “Pear-
son”, “Rocknest3”, “Walsh”, “Preble”, and “Thor 
Lake”. These points have an estimated Fe2O3T content 
of ~26 wt.%. The “Preble” and “Thor Lake” points are 
two of only a few points from early in the traverse with 
such high Fe content and low PC1 values. 

Cluster 3 is predominantly soil targets. These sam-
ples have high PC2 scores, driven by Mg emission 
lines. High Mg content is also characteristic of the dust 
spectra observed in the first several shots on all Mars 
targets. Soils samples that are not in cluster 2 tend to 
be ambiguous cases such as gravels (e.g. “Beaulieu”) 
or dirty rocks (e.g. “Natkusiak”), where the signal for 
some points may be coming from rock or pebbles ra-
ther than fine-grained soil. This has also been noted by 
[9], among others. The soil targets with the highest 
PC2 scores are “Rocknest 7” and “Crestaurum”. These 
end-members have up to ~12 wt.% estimated MgO. 

There is little separation between the clusters, and 
they meet near the center of the scores plot. When k-
means clustering is run using 4 clusters, the fourth 
cluster occupies this central portion of the scores plot, 
where samples are a mix of rocks, soils and the NAu-2 
calibration targets, all of which are close to the “spec-
tral average” of the full data set. 

Conclusions: PCA provides a simple way to visu-
alize the diversity in the large volume of spectral data 
returned by ChemCam. Clustering reveals three domi-
nant clusters corresponding to: (a) felsic rocks, gravels 
and conglomerates from early in the traverse, (b) fine-

grained soils, and (c) Rocknest rocks. These composi-
tional classes and their relationship to the traverse are 
also apparent in quantitative ChemCam results [7].  
The clusters are not well-separated, indicating that the 
targets exist along a continuum of compositions. A 
similar trend is interpreted by [9] as indicative of a 
mixture between a local and global soil component. 

As Curiosity continues its exploration of Gale 
crater, frequent ChemCam analyses combined with 
PCA and clustering will readily identify new composi-
tional classes, providing information about the chang-
ing geology of units encountered and guiding investi-
gations with the rest of the payload. 

 

   

 

 

Figure 2: (a) Score plot for PC1 and PC2. Data points are color 
coded by cluster. Shapes correspond to target type. (b) Colors 
correspond to straight-line distance from Bradbury Landing. 
Most data points are from Rocknest (red). Calibration targets 
(circles) are labeled as reference points. 
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