
INITIAL MSL APXS ACTIVITIES AND OBSERVATIONS AT GALE CRATER, MARS. R.Gellert1, 
J.A.Berger2, N.Boyd1, C.Brunet3, J.L.Campbell1, M.Curry1, B.Elliott4, P.Fulford5, J.Grotzinger6, V.Hipkin3, 
J.Hurowitz6, P.L.King7, L.Leshin8, D.Limonadi6, B.Pavri6, I.Pradler1, G.Marchand3, G.M.Perrett1, A.Scodary6, 
J.J.Simmonds6, J.Spray4, S.W.Squyres9, L.Thompson4, S.VanBommel1, A.S.Yen6, and the MSL Science team. 
1University of Guelph (Guelph, ON, N1G2W1, Canada; rgellert@uoguelph.ca), 2University of New Mexico, Albu-
querque, NM, 3Canadian Space Agency, Montreal, QC, 4University of New Brunswick, Fredericton, NB, 5MDA, 
Brampton, ON, 6Jet Propulsion Lab, Pasadena, CA, 7Australian National University, Canberra, Australia, 
8Rensselaer Polytechnic Institute, Troy, NY, 9Cornell University, Ithaca, NY  

 
Introduction: The MSL Alpha-Particle-X-ray- 

Spectrometer(APXS) is the third generation of chemi-
cal in-situ instruments of its kind onboard a NASA 
Mars rover. We report here initial results during the 
first 102 sols at Gale Crater and discuss post landing 
performance and calibration compared to the labora-
tory. Operational improvements compared to the still 
ongoing MER Opportunity APXS are discussed.   

List of observations: Until sol 34, when the arm 
was deployed for the first time, the APXS performed 
health checks pointing into the air. Ar (atmosphere) 
and Zr (collimator) peaks indicated that the instrument 
survived the landing and worked nominally. On Sol 29 
a software update was performed, adjusting the energy 
range to the optimal 700 eV-25 keV.  

All APXS samples to date are given in the follow-
ing table. Rocks were typically measured in contact if 
safely reachable. Soils were measured with a safety 
standoff to gain experience with the newly designed 
contact sensor. APXS proximity mode will be used 
later on in the mission, where the count rate during 
deployment will determine the desired distance.  
Target Sol Standoff Dur (min) Comments 

Cal target 34, 35 0 30,12,30 First deployment 

JakeMatijevic 46-48 0 30,10,30 First rock 

Bathurst 54 0 20,20 Outcrop 

Rocknest soils 58 4 cm  60,60 Survey for scoop 

ET_then  86, 91 6, 4 cm 120 Rock 

Portage soil 89 2 cm 190 Scuff floor 

O-tray  92 0 190 Empty O-tray 

O-tray sample 95 2 cm 190 <150 μm soil 

Rocknest_3  102 0 20 Touch and Go 

Performance: One of the major improvements of 
the MSL APXS is the Peltier element, which cools the 
x-ray detector by 35C. A FWHM of ~140 eV at 5.9 
keV at night is comparable to pre-launch laboratory 

values. Most data were taken during daytime with a 
steep T-dependence of the FWHM as expected, see 
Fig 1. Short daytime measurements allowed quick 
feedback for next sol planning. FWHM values up to 
200 eV gave good results; beyond that error bars were 
elevated and some elements were lost (P, Mn and trace 
elements). Contact measurements on rocks showed 
about 6 times more count rate than the MER APXS, 
resulting in good statistics after only 10 minutes.  
    Spectra: Spectra of two samples measured at night 
in contact are shown in Fig 2. The MSL energy scale 
was extended to 25 keV to cover all Pu scatter peaks, 
which contain collective sample information, including 
light elements like oxygen not measured directly. All 
visible peaks are labeled in black; elements that might 
be quantifiable at occasional higher abundance are 
labeled in gray. The atmosphere spectrum in blue re-
veals the background peaks. 
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 sol 34 Caltarget          90 min
 sol 46 JakeMatijevic  30 min
 sol 20 atmosphere     10 h

 
Data Analysis: Two independent analysis pro-

grams were developed, one empirical based on a cross 
calibration from MER [1] and one based on Physics 
principles of the APXS method [2]. Both agree within 
the accuracy. The results provided in Table 2 are the 
products made available to the MSL team typically one 
hour after data downlink. The data are still prelimi-
nary; slight adjustments, especially of P and Ti, and 
adjustments for large standoff distances are ongoing 
and not yet included in the results. For all other ele-
ments the adjustments will be smaller than previously 
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cited accuracy values [1] and will affect all samples 
equally. Short daytime measurements even at unfavor-
able high temperatures and/or larger distances, gave 
important indications in the major and minor elements, 
although with somewhat higher uncertainties. 

Results: MSL APXS measurements allow direct 
comparison to other missions. The soil is similar to 
MER basaltic soils [3] and shows no significant size 
fractionation between in-situ and the less than 150μm 
portions delivered to SAM and Chemin [4]. Rocks are 
relatively dust free, as judged from their S content 
compared to Gusev crater rocks. A relative enrichment 
of Cl over S in all Gale rocks could indicate an altera-
tion or surface coating. Fig 3 shows all four rocks 
normalized to the soil Portage. The results indicate a 
considerable diversity [5], while several spots of the 
same rock show consistent compositional trends.  
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All rocks have very high K content. Both Bathurst 
spots have elevated Fe, high Zn and ~50 ppm Ge and 
lower Na, Al and Ca. ET_then has remarkably high Fe. 
JakeM is a high alkaline float rock [6]. Compared to  

the MER sites, P seems generally lower and Ti higher.  
A distance-dependent measuring campaign will clarify 
if these results will solidify. The calibration target 
measurement indicates no change in instrument and 
source characteristics compared to the lab [7].  

 Summary: Working as designed, the MSL APXS 
allows quick quantitative elemental chemistry meas-
urements, including key salt forming elements like S, 
Cl and Br and important trace elements like Ni and Zn. 
Daytime measurements provide rapid turnaround as-
sessment for rover operations, e.g. tactical go/no-go 
decisions. The sample spot of ~1.7 cm diameter per-
mits a whole rock assessment, even with possible dust 
contamination. The good FWHM temperature range 
will allow quick scans and mosaics without arm heat-
ing with ~10 minutes for each spot to extract elemental 
correlations and normative in-situ mineralogy. Com-
missioning of the brush and drill, as well as more 
evolved arm deployments will support reconnaissance 
during traverses, assist sample selection and charac-
terization for the analytical laboratory and deliver cru-
cial chemical information for the interpretation of re-
sults of the MSL mission.  
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Table 2 Preliminary APXS results (weight percents, ppm for Ni, Zn, Br) for rocks and soils. Error bars represent 
statistical uncertainty, i.e. precision. 
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