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Introduction:  The ChemCam/LIBS and the APXS 

instruments onboard the MSL Curiosity rover have 

detected copper (Cu) along her traverse across Gale 

crater, Mars. This abstract follows up on earlier work 

[1-4] and focuses on ChemCam data up to sol 1906 

(Dec 21, 2017). 

Data analysis: Cu has two strong UV emission 

lines (324.8 & 327.5 nm, here also referred to as left & 

right emission line, respectively) that partly interfere 

with lines from Ti and another (unidentified) element. 

Therefore Cu lines can be easily recognized in spectra 

of Ti-poor samples (Figure 1), but appear as broad 

Cu/Ti bands in the case of average or Ti-enriched Mar-

tian samples. The current fit model (Table 1) describes 

each one of the two bands as a superposition of 4 lo-

rentzian emission lines (Figure 2) so that fitting of any 

given spectrum returns one Cu peak area & several Ti 

peak areas from each band. Figure 3a plots the sum of 

3 Ti peak areas (left band, y-axis) against the sum of 2 

Ti peak areas (right band, x-axis) for 14073 average 

ChemCam spectra observation points. The linear corre-

lation of all data points (except data of highly Ti-

enriched samples or data of pure Ti that is part of the 

ChemCam Calibration Targets onboard the rover) 

lends credibility to the fit model. Figure 3b relates 

these 14073 three-peak-areas to absolute TiO2 abun-

dances (wt%) that in turn are provided by a PLS (Par-

tial Least Squares) & ICA (Independent Component 

Analysis)-based data processing pipeline [5] that is run 

on a daily basis and whose results (referred to as MOC 

data [Major-element Oxide Compositions] below) are 

published at NASA’s PDS Node (http://pds-

geosciences.wustl.edu/msl/msl-m-chemcam-libs-4_5-

rdr-v1/mslccm_1xxx/data/moc/). 

 
fit parameter initial value fit constraints 

Height 0.5*(y-value – background) 

Background: A + Bx 

must be > 0 

center [nm] 324.80 (Cu) 

324.85 (Ti) 

324.91 (Ti) 

324.95 (Ti) 

327.20 (Ti) 

327.30 (Ti) 

327.43 (Cu) 

327.519 (?) 

+/- 0.015 

HWHM [nm] 0.05 must be with-

in [0.04, 0.06] 

Table 1 Model for Cu/Ti fitting of ChemCam spectra. 

 

 
Figure 1 ChemCam average spectra of 9 points on Hay-

den_Peak (sol 785). Point #1(arrow in the inset) is enriched 

in Cu, but poor in Ti, and therefore has a different spectrum. 

Vertical lines are NIST-tabulated spectral lines (Cu: thick 

black, Ti: dotted black, Fe: dashed red, Na: dashed green), 

https://physics.nist.gov/PhysRefData/ASD/lines_form.html. 

The spectra are shifted to the left due to calibration inaccu-

racy (~0.03 nm) near the spectral end of the detector. 

 

 
Figure 2 Fit example according to model in Table 1. Cu 

lines are marked by teal (left band) and green arrow (right 

band). Vertical lines as in Figure 1. Fit codes use software 

by C. B. Markwardt, GSFC, USA (http://purl.com/net/mpfit). 

 

 
Figure 3 Analysis of Ti-peak areas obtained from fitting 

of Cu/Ti bands (see Figure 2). The sum of 3 peak areas (left 

band) is plotted against the sum of 2 peak areas (right band, 

[a])  and against standard ChemCam MOC abundances [b]. 

 

Results: The occurence of Cu along the rover trav-

erse has been investigated in two ways: (a) by browsing 

through all ChemCam spectra and searching for Cu-
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specific spectral features (results shown in Figure 4a), 

and (b) by deconvolution of Cu/Ti bands and determin-

ing Cu peak areas (as described above, results shown in 

Figures 4b-c). The two codes work independently and 

complement each other. Figure 4a plots the distribution 

of 5846 Cu detections (in ~500000 single-shot spectra) 

over the entire rover traverse (especially in the Kimber-

ley area, sols 580-630 [1-3]), except in the sol range 

800-1150. Fitting of spectra requires continuous sanity 

and quality checks, because the fit procedure may fail 

(e.g. due to slow fit convergence) or may generate 

physically unreasonable results. 3670 (out of 14073 

currently available) average spectra were found that 

meet these fit quality criteria (not specified here in de-

tail) and bear credible signs of Cu. Left-Cu-peak areas 

(324.8 nm) of these data are plotted against sol number 

in Figure 4b. Finally, the left-peak areas of only 119 

(out of 14073) averaged spectra are plotted in Figure 

4c. The latter selection requires that Cu peaks (both the 

left and the right one!) are among the 5% strongest Cu 

peaks. This criterion should pick out interesting targets 

that deserve further detailed analysis. Figure 5 (plotting 

these exact 119 data points) demonstrates a fair lineari-

ty between both Cu-peak areas. 

No definitive linear correlations have been ob-

served so far between Cu peak areas and major element 

abundances (as taken from the MOC data set). In fact, 

such correlations may well exist, but the method of data 

analysis as applied here is too crude and inherently 

incapable to provide such information. However, care-

ful selection of data (selection according to geologic 

context, lithology or major-element pattern) may be the 

key to further successful analysis. At the very least, the 

“anticorrelation” between Cu peak areas and CaO 

abundances (Figure 6) indicates that Ca-sulfate veins 

that are abundant in Gale crater do not coexist with 

elevated Cu-phases. This is consistent with the expecta-

tion that Cu is part of a reduced mineral(oid) phase. 

 

 

Figure 4 Detection of Cu along the rover traverse. (a) 

Number of Cu detections. (b) Peak areas extracted from 

3670 averaged spectra. (c) Same as (b), but making an even 

stronger selection (119 top-5% strongest Cu peak areas). A 

peak area of 6.10-5 may correspond to ~1000 ppm [3]. 

 

 
Figure 5 Correlation between left and right Cu line for 

119 ChemCam targets with strongest Cu signal (see Figure 

4c). The slope is close to one in agreement with NIST’s as-

sertion that both Cu lines do have same “relative intensity”. 

 

 
Figure 6 (a) CaO abundance (wt%) plotted against left-

Cu peak area (324.8 nm) for 3670 averaged ChemCam spec-

tra (same selection as in Figure 4b). (b) Same as (a), but 

only plotting 119 data points (strongest Cu targets as in 

Figures 4c and 5). (c) Same as (b), but plotting the sum of 

(refractory) oxides on the y-axis. The rocks & soils from (b) 

now plot in the region near 100 %, while the veins host a 

“missing component” (SO3, H2O and maybe other volatiles). 

 

Conclusions: Cu has been detected by ChemCam 

all along the rover traverse across Gale crater, with 

local Cu enrichments by a factor of 10 (or larger). No 

correlation between Cu and major elements has been 

found as based on the standard MOC data set. Cu-

enriched targets do not appear to be hosted by sulfate 

veins or materials rich in volatile components.  Models 

for quantification of Cu (ppmw) are being developed.  
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