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Introduction:  Rare earth element and yttrium 

(REY) compositions provide critical information for 
understanding various geological processes. REY tend 
to concentrate in minerals such as phosphates and 
manganese oxides of marine origin. The ChemCam 
instrument uses Laser-Induced Breakdown 
Spectroscopy (LIBS) to analyze the chemistry of a 
material. With this technique, a laser is used to ablate a 
small volume of a sample. A plasma is formed and as 
the excited species in the plasma relax, light is given off 
at wavelengths characteristic of the elemental 
composition. When present at high concentrations, the 
ChemCam instrument on the martian rover Curiosity is 
able to detect REY.    

Methods:  Using the ChemCam laboratory unit at 
the Los Alamos National Laboratory, spectra were 
collected of La-Lu plus Sc and Y (and excluding Pm) as 
pure (99.9+%) oxides under martian conditions (7 Torr 
CO2). Spectra were collected at 1.6 m using 11 mJ/pulse 
laser power except for Y, which was collected at 3 m 
with 14 mJ/pulse laser power. REY enriched materials 
were also analyzed including two rare earth ores (USZ-
25-2006 and USZ-42-2006), two oceanic Mn nodules, 
two phosphate rocks (14-94 and SARM32), and three 
apatite crystals from Norway, an unknown locality, and 
Brazil. From information obtained from the certificate 
included with the REE ores, the dominant REE-bearing 
phase in USZ-25-2006 is apatite and in USZ-41-2006 is 
synchisite-bastnaesite (carbonate). Based on the lab 
spectra, the Norway apatite is likely a chlorapatite while 
the others are likely fluorapatites. Additionally, a 
variety of common geological materials with typical, 
generally low, concentrations of REY were analyzed for 
comparison. These include basalts, clays, sulfates, 
carbonates, and Mn-oxides of non-marine origin (57 
total samples). 

Full compositions including REY are available for 
the REE ores, ocean nodules, and most of the other 
geological materials but are not yet available for the 
phosphate rocks and apatites. USZ-25-2006 and USZ-
42-2006 are dominated by Ce (29,000 ppm and 27,600 
ppm, respectively), followed by La (~19,300 ppm and 
21,100 ppm) with lesser (<10,000 ppm) amounts of the 
remaining REY. The Mn ocean nodules have lower 
concentrations of REY (<320 ppm) and are also 
dominated by Ce and La.  

A limited suite of ChemCam data from Gale crater, 
Mars were also analyzed for REY features. The samples 

selected include spectra that display either (1) a strong 
CaF molecular feature that may indicate the presence of 
apatite or fluorite [1], (2) high Mn concentrations, or (3) 
high concentrations of P, including those that are also 
enriched in Mn, Fe, and/or Mg [2]. These samples are 
Epworth point 5, Buit Lake point 2, Blackhead point 7, 
Beacon points 1 and 3, Harrison point 4, Caribou point 
5, Stephen point 2 and 3, Khoabendus point 14, Canon 
Brook point 3, Blue Hill point 6 and 8, Glasnakille point 
10, and aegis post 1754a.          

Results:  The pure oxide REY spectra are very rich 
in peaks with >100 peaks identified for each element. A 
list of the three most intense peaks is provided in Table 
1. In the REE ores, six La peaks have been tentatively 
identified (La II 317.255/317.266, 338.188, 412.439, 
433.496, 452.364, 462.117 nm) and two Ce peaks (Ce 
II 416.678 and 462.946 nm). Y has been identified in 
the Norwegian apatite and tentatively in the apatite of 
unknown origin. Y peaks are found at 281.787, 294.687, 
321.761, 324.321, 417.871, and 437.616 nm. Several of 
these peaks are shown in Figure 1. No REY peaks were 
identified in the Mn nodules, phosphate rocks, or the 

  

 
Table 1: List of the most intense REY peaks in 
pure oxide spectra. When possible, peak 
wavelengths are matched to those in the NIST 
database [2]. 
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other geological materials. No REY peaks were 
identified in the martian dataset.      

Conclusion and Future Work: Numerous REY 
peaks have been identified in laboratory ChemCam 
LIBS spectra of pure REY oxides. Ce, Y, and La have 
likely been identified in REE ores and apatite crystals; 
concentrations of La and Ce in the ores are high 
(>~20,000 ppm). REE chemistry will be obtained on the 
phosphates used in this study to determine if their 
chemistry is consistent with the LIBS spectra. No REY 
have been identified in the subset of martian data from 
Gale crater studied here. This is consistent with work on 
ChemCam detections of apatites on Mars by [4]. 

To determine more precise detection limits, 
additional samples using relevant geological matrices 
doped with REE should be made and analyzed.  
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Figure 1: Top Right – Possible La and Ce peaks in the USZ REE ores. Lower Left – La peaks are present in the USZ REE 
ores and possibly the apatite of unknown origin. Lower Right – Y peak in the Norwegian apatite and possibly in the apatite 
of unknown origin and USZ-25-2006. The other spectra are geological materials used to provide points of comparison for 
the REE ores and apatite. They consist of an olivine (DH4912), granite (GUWGNA), kaolinite (SRM97a), halite 
(Mix1ONaCl), and fluorite (27-07). Note the scaling of the REY oxide spectra change in each plot. 
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