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Introduction: The Alpha Particle X-ray Spectrom-

eter (APXS) on the Mars Science Laboratory (MSL) 
rover, Curiosity, quantifies the in situ abundance of 
elements in rocks and unconsolidated materials through 
the acquisition and analysis of energy-dispersive X-ray 
spectra generated from a combination of particle-
induced X-ray emission and X-ray fluorescence [1, 2]. 
The analytical regime for MSL APXS spectra ranges 
from approximately 0.7 keV (below Na Kα) to 25 keV, 
permitting quantification of elements Z>10 via charac-
teristic K and L lines. 

Major, minor, and several trace elements are re-
ported with every APXS analysis to the Planetary Data 
System (PDS). Additional trace elements, beyond Ni, 
Zn, and Br, have been quantified where concentrations 
are above nominal quantification thresholds. We pre-
sent new spectral modeling and analysis techniques to 
first determine the quantification capabilities of the 
MSL APXS as a function of experimental conditions. 
Through further application of spectral modeling, re-
duction, and analyses, we have calculated previously 
unreported trace element concentrations in two major 
geologic units investigated by Curiosity in Gale Crater. 

Method: Emulation of the APXS method has tradi-
tionally focused on the theoretical peak areas for a giv-
en sample composition (e.g., [3, 4]). However, due to 
the relatively low abundance of trace elements, quanti-
fication is largely constrained by the spectral quality 
(i.e., statistics, resolution). Recent work has produced 
an accurate spectral model for the MSL APXS across a 
wide array of sample compositions and measurement 
conditions [5]. 

The concentrations of Co, Ni, Cu, Zn, Ga, Ge, and 
Br required for precise quantification have been deter-
mined for a range of measurement durations, tempera-
tures, and deployment configurations [6]. Figure 1 
illustrates the derived precise quantification limits 
(PQL), as a function of resolution and statistics for Zn. 
PQL is defined by the concertation required to achieve 
≤10% peak error. Data were acquired beyond the 12 
hour upper acquisition time plotted. The results suggest 
that statistics improve until ~24 hours of cumulative 
measurement time have been acquired [6], after cor-
recting for decreased counts associated with source 
decay and higher standoffs. 

Individual targets within the fine-grained bedrock 
of the Sheepbed and Murray formations have very sim-

ilar compositions. We can therefore assume that com-
bining the integration times of multiple targets, ac-
quired with similar measurement configurations, is an 
appropriate method for determining the average com-
position. Doing this also allows us to resolve trace el-
ements that are below PQL in individual 8-hour meas-
urements. Quantification of trace elements near the 
PQL were derived through a χ2-minimization (XM) 
comparison of simulated and observed reduced Mars 
spectra (e.g., Figure 2 for Murray and Figure 3 for 
Sheepbed). 

 
Figure 1: Derived precise quantification limits (PQL) for Zn 
in a typical Mars (soil) matrix. Resolution, here represented 
by the temperature axis, is affected by the thermal conditions 
of the instrument as well as the detector’s exposure to dam-
aging particles. PQLs increase exponentially with tempera-
ture. Statistics, represented by effective duration, correlated 
with PQLs via a binomial power-law to approximately 24 
hours duration, encompass measurement duration, sample 
proximity, and the activity of the APXS sources. Figure from 
[6]. 

Results: Both Murray and Sheepbed contain signif-
icant enrichments of Ge [7]. The results of our spectral 
modeling and analysis of reduced Murray and Sheep-
bed spectra, 115±5 and 87±5 µg/g (ppm) respectively, 
are in agreement with those published by [7] (110±20 
ppm and 80±20 ppm). From this analysis, we also de-
rive typical Cu and Ga abundances for each formation. 
Ni, Zn, and Br are provided with every APXS meas-
urement. However, through the analysis of reduced 
spectra, their typical abundance in these units can be 
defined to a lower (precision) uncertainty. 

For Murray, typical Ni, Zn, and Br concentrations 
are 854±7 ppm, 1087±5 ppm, and 386±2 ppm, which 
are higher than Sheepbed (627±7 ppm, 775±6 ppm, 
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283±3 ppm). Uncertainties reported are precision er-
rors from analysis of the reduced spectrum and do not 
necessarily encompass the range of abundances en-
countered for all individual samples within each unit. 
Accuracy uncertainties are provided by [2]. The PQL 
for Co is anticipated to be 300 ppm or higher [6] and 
thus Co was not quantified in reduced Murray and 
Sheepbed spectra. 

 

 
Figure 2: Reduced Murray spectrum totaling ~110 hours 
(grey points) with simulated spectra overlaid. Simulated 
spectra corresponding to the derived concentrations (XM) 
are provided in red. Those corresponding to ±5 ppm error 
bars are also plotted, and bound the observed data. The theo-
retical spectrum of a sample absent Cu, Ga, and Ge is pro-
vided in blue. X-ray Kα energies are noted by the vertical 
dashed lines. 

 
Figure 3: Reduced Sheepbed spectrum totaling ~25 hours 
(grey points) with simulated spectra overlaid. Simulated 
spectra corresponding to the derived (XM) concentrations 
are provided in red. Those corresponding to ±5 ppm error 
bars are also plotted, and bound the observed data. The theo-
retical spectrum of a sample absent Cu, Ga, and Ge is pro-
vided in blue. X-ray Kα energies are noted by the vertical 
dashed lines. 

Discussion: We use 50% condensation tempera-
tures from [8] as a proxy for element volatility. Pre-
dicted elemental abundances of the martian crust and 
mantle are provided by [9], with S, Cl, and Br values 

updated per [10]. The derived trace element content 
from reduced Murray and Sheepbed spectra are com-
pared to bulk Mars in Figure 4. Additional elements 
Cu, Ga, and Ge are emphasized. 

Detrital feldspar in the Murray was dated at 
4.07±0.63 Ga, in family with the bulk age of Sheepbed 
(4.21±0.35 Ga) [11], and slightly older than the Gale 
impact. From our analysis, both Murray and Sheepbed 
were likely formed from a similar ~4 Ga basaltic 
source material, but are enriched in moderately volatile 
and volatile elements. Chemical differences between 
the Murray and Sheepbed likely arose via alteration 
under different conditions after deposition. Precise 
quantification of additional trace elements is ongoing 
and should improve constraints on the conditions of 
alteration. 

 
Figure 4: Ratio of Murray and Sheepbed compositions to the 
overall crust and mantle of Mars (from [9] and [10]). All 
data are oxide wt% and normalized to 100%. Murray and 
Sheepbed concentrations derived from reduced spectra. New 
elements outside those provided to the PDS for each meas-
urement are noted (triangles). 
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