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Introduction:  The ChemCam instrument (referred 

hereafter to ‘ChemCam’) onboard the Curiosity rover 

has been monitoring copper (Cu) in Gale crater, Mars, 

since landing (Aug. 2012). ChemCam utilizes LIBS 

(Laser Induced Breakdown Spectroscopy) for chemical 

analysis. Occurrence of Cu has been discussed previ-

ously ([1-5]). Cu is also detected by APXS [6]. Here 

we present analysis of 20376 high-quality ChemCam 

data sets, acquired up to sol 2597 (Nov. 26, 2019). 

Each data set contains a number of (usually 30) LIBS 

spectra, each one acquired by a single laser shot at a 

specific point on the Martian surface. Therefore, the 

entire dataset (described here) consists of 626209 sin-

gle-shot spectra and 20376 average spectra (each one 

averaged over all single-shot spectra acquired at a spe-

cific point, - though discarding the first five shots that 

probe eolian dust rather than bulk rock [7]). Two LIBS 

UV emission lines are used to track the occurrence of 

Cu, labeled below as ‘left’ (λ = 324.80 nm) and ‘right 

line’ (327.43 nm), respectively. Both lines partially 

overlap with lines from other elements, notably Ti, so 

that we are required to deconvolve two broad bands of 

multiple (partially overlapping) emission lines.  

Number of Cu detections:  Fig. 1 plots the number 

of Cu detections as a function of sol number.  The top 

panel in Fig. 1 plots the number of Cu-bearing shot-

averaged spectra per sol. Any Cu peak (above some 

low threshold) counts equally, regardless the strength 

of the peak.   However, when this number is low, this 

can be due to low frequency of data acquisition or due 

to a lack of Cu in the analyzed Martian samples. There-

fore the bottom panel (in Fig. 1), where the number of 

Cu-bearing spectra is referred to packages of (approx-

imately) 50 spectra, should be a better (statistical) 

proxy for abundance of Cu along the rover traverse 

than the top panel. Several areas are emphasized in Fig. 

1 as being enriched in Cu (see [8] for stratigraphic 

terms), including the recently explored Clay Bearing 

Unit (CBU, since sol ~2300), also called Glen Torri-

don (GT). 

Quantification of Cu:  Cu abundances can be de-

termined by univariate peak fitting, although, as of 

now, this is not done on a routine basis (such as Mn, 

Ba, Li, Rb, Sr [9]). Spectral data from a ~0.6 nm wide 

spectral window are used for peak fitting. A slightly 

larger continuum window (encompassing the fit win-

dow) serves to determine the background. Table 1 de-

scribes the current fit model that has been improved 

since its last description [1, 4]. Both left and right 

Cu/Ti band has been modelled by a superposition of 4 

Lorentzian functions, but there are small differences  in 

initial values and allowed parameter limits for both 

bands. Data presented here are consistent with fit mod-

el & Cu quantification as published in [1], although 

some details still need to be resolved. Table 1 summa-

rizes the most important features of this model. Fig. 2 

presents abundances (in ppm) over the entire mission. 

 
param. initial value fit constraints 

height ~0.5*(y-value – background) 

Background: A + Bx 

> 0, with back-

ground fixed 

center [nm] 324.789 (Cu) 

324.831* (Ti) 

324.876 (Ti) 

324.9506 (Ti) 

327.19 (Ti) 

327.28 (Ti) 

327.428 (Cu) 

327.519 (?) 

+/- 0.04  

(typically) 

HWHM 0.05  0.04 [0.01, 0.1] 

Table 1 Important features of the fit model. The 

Ti line marked by a star is fixed in wavelength [1]. 

    

 
Figure 1 Detection of Cu in shot-averaged spectra 

over the course of the mission. The top panel plots the num-

ber of Cu detections per sol, the bottom one plots the frac-

tion (in %) of Cu-bearing spectra in packets of 50 average 

spectra. The blue and orange solid lines refer to one condi-

tion (right Cu peak only) and two conditions (both Cu peaks 

detected), respectively. Drill location Duluth (highlighted in 

lower panel) is stratigraphically slightly below VRR. The 

stippled black line (right ordinate) shows the rover eleva-

tion. Abbrev.: LS Landing Site; JM = Jake_Matijevic, a float 

rock; BB sst. Bradbury Group sandstone. 

Discussion:  Abundances as plotted in Figs. 1 & 2 

include both bedrock and float rocks, some of them 

2974.pdf51st Lunar and Planetary Science Conference (2020)



being suspected to be chondritic meteorites [10]. A 

dense cluster of Cu detections (> 100 ppm) is found in 

the sol range 2300-2420 in GT (as predicted in [5]). 

Note that enhanced Cu was only detected along the 

(South-Eastern) back edge of VRR, i.e. in the Jura 

member, not in the Knockfarril Hill member (Fig. 3). 

Two types of bedrock were identified in GT: Coherent 

and rubbly bedrock [11,12,13]. Remarkably, Cu was 

exclusively found in the former type of bedrock  that is 

depleted in K and enriched in Mg as well as Zn and 

Mn. Fig. 4 (top) shows a typical ChemCam spectrum 

of a target on coherent bedrock, although in some cases 

Cu was also found in veins (Fig. 4, bottom). Different 

models of diagenesis and alteration fluids are being 

developed in order to address the strong differences in 

chemistry and mineralogy between VRR and GT 

[14,15,16]. 

 

 
Figure 2 Abundance (ppm) of Cu since landing, 

as derived by the described fit procedure. Abbreviations as 

in Fig. 1. Blue diamonds and red asterisks correspond to 

fulfilment of 1 condition and 2 conditions, respectively (see 

Fig. 1). The latter data points correspond consistently to 

higher Cu-abundances (as expected). The Limit of Detection 

(LOD) is set here to 100 ppm. Note the dense cluster of data 

points of medium-to-high Cu abundance in the CBU. 

 

 
Figure 3 Panoramic view (MAHLI selfie, sol 

2553, top panel) and orbital map of rover traverse  (HiRISE, 

bottom panel) of VRR and CBU. Six unlabeled arrows show 

corresponding locations in both panels. Enriched Cu is 

found in the Jura member of CBU (lower GT, sol 2300 -

2420, area marked by black ellipse). Also shown: Glen Etive 

drill holes: GE (sol 2486) & GE2 (sol 2527). 

  

 
Figure 4 ChemCam UV spectrum of target Crail, 

pt. 1, on typical “coherent bedrock” in the Jura member (see 

Fig. 3) (top panel) and target Bighouse, pt. 4 (Knockfarril 

Hill member), where enriched Cu is found in a CaSO4 vein 

(34 wt.% CaO). Most targets with enriched Cu in the CBU 

are found in the Jura member. Vertical lines mark NIST 

emission lines (https://physics.nist.gov/asd) for reference. 

Partial Lorentzian fits are displayed as in [5]. Insets show 

Mastcam color images, mcam12475 (top) & 13386 (bottom), 

and ChemCam RMI gray-scale images of each target. 

Conclusion: Cu can be detected with high confi-

dence by ChemCam, although its quantification is still 

being developed. The most recent model has been ap-

plied to all mission data acquired so far.   Enhanced 

abundances of Cu have been detected in specific areas 

of phyllosilicate-bearing bedrock in Yellowknive Bay, 

Kimberley and Murray formations, including Glen Tor-

ridon, the highest stratigrahic area explored so far.  
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