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Introduction:  The Sample Analysis at Mars 

(SAM) instrument on Curiosity measures the chemical 
and isotopic composition of atmospheric volatiles in 
the vicinity of the rover through a dedicated atmos-
pheric inlet [1]. The SAM quadrupole mass spectrome-
ter (QMS) is able to conduct a survey of the atmos-
phere to identify and quantify atmospheric species and 
isotope ratios; alternatively enrichment measurements 
are utilized to remove major and reactive species (CO2, 
O2, H2O, etc.) to allow for high precision measure-
ments of trace species such as noble gases. When 
combined with composition and isotope data from gas-
es trapped in martian meteorites, other lander and or-
bital missions, and meteorological measurements con-
ducted by the Mars Science Laboratory (MSL) rover 
environmental monitoring station (REMS) [2], the 
SAM atmosphere measurements inform our under-
standing of current atmospheric cycling and climate 
evolution over recent and geological time. 

Here we discuss the SAM QMS measurements of 
the major atmospheric species over the course of the 
mission through southern summer. An additional 
measurement during southern fall will be presented to 
represent a nearly full seasonal cycle on Mars. We will 
focus primarily on the ratio of CO2/Ar, which shows a 
distinct trend with season as a result of CO2 transport-
ed to and from the poles, coinciding with changes in 
local atmospheric pressure. This is the first compre-
hensive measurement of composition bridging several 
seasons that can link the pressure variation to changes 
in specific atmospheric mixing ratios. 

SAM Atmospheric Measurement Details:  The 
direct atmospheric experiments shown in Fig. 1 took 
place over a period of almost two years from Mars 
Years (MY) and solar longitude (Ls) of MY31, Ls 163° 
- MY32, Ls 86° (31 August 2012 to 8 February 2014) 
in Gale crater south of the equator (4.5°S, 137°E). 
Most measurements were taken at night, with two runs 
that sampled daytime air to search for diurnal varia-
tions. An additional measurement is expected on or 
near Ls 135° and will be reported at the meeting. 

During a typical atmospheric experiment, a sample 
is ingested into a pre-evacuated manifold, precondi-
tioned to 50 °C. Background QMS measurements are 
taken of the evacuated instrument and manifold prior 
to introduction of the atmospheric sample. A valve to 
the sample inlet tube is then opened briefly (~30 se-
conds) to introduce atmospheric gas to a portion of the 
manifold. A small fraction of this gas is leaked into the 
QMS in a dynamic sampling mode (i.e., as the instru-
ment is pumped by one of the turbomolecular pumps). 

Volume mixing ratios were derived from applica-
tion of empirical calibration constants describing rela-
tive instrument response to the five most abundant 
atmospheric species, CO2, Ar, N2, O2, and CO [3]. 

 
Figure 1. SAM Atmospheric QMS experiments are plotted with the 
atmospheric pressure measurement taken by REMS at or near time 
of ingestion (left axis) as a function of MSL mission sol (bottom 
axis) and solar longitude (top axis).  The experiments are identified 
by their test identification number (“TID”) and type (nighttime, 
daytime, and enrichment run). The background is shaded by southern 
season, and the REMS daily pressure maximum and minimum val-
ues are given by the dotted lines. Seasonal trends are tracked through 
the direct atmospheric runs, with attention paid to possible diurnal 
variations.  Enrichment runs, performed at night, provide sensitive 
atmospheric noble gas measurements and insight on long-term tem-
poral trends, but do not inform seasonal mixing ratio data as the 
major components of the atmosphere were scrubbed. 

Results:  First Mixing Ratio Measurements.  The 
composition of the Mars atmosphere was measured 
following landing in Gale Crater during the first 105 
sols, during the transition from southern winter into 
spring (Ls 163 and 211, respectively) [4]. The mixing 
ratios of the major species as reported are listed in Ta-
ble 1. 
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Table 1. Mixing ratios of major species from first 105 sols of the 
landed mission [4].  

Gas Volume mixing ratio 
CO2 0.960 (± 0.007) 
Ar 0.0193 (± 0.0003) 
N2 0.0189 (± 0.0003) 
O2 1.45 (± 0.09) × 10-3 
CO <1.0 × 10-3 

Seasonal Observations. Continued atmospheric 
sampling has allowed for tracking of changes in mix-
ing ratios with season and atmospheric pressure. We 
will report on a full year of seasonal observations on 
Mars, through mid-winter in Gale crater. 

Variation in CO2 mixing ratio.  The SAM QMS 
atmospheric measurements have observed variations in 
CO2 mixing ratio, and therefore partial pressure, track-
ing with the atmospheric pressure cycle (Fig. 2).  The 
pressure variations are thus primarily a response to the 
transport of CO2 abundance due to the annual cycle of 
condensation and sublimation at the polar caps.  

 
Figure 2. The atmospheric pressures at time of measurement, shown 
with partial pressures of CO2 (red, left axis), Ar, N2 and O2 (all right 
axis).  These are plotted against Ls of these point measurements. 
Only data for nighttime ingests are shown to remove diurnal effects. 
Closed symbols are data from MY31 and open symbols are data 
from MY32.  

Seasonal behavior of non-condensable species.  
We will discuss the behavior on the atmospheric non-
condensable species (40Ar, N2, O2, CO) throughout the 
annual cycle.  To date, large (~30%) changes in 40Ar 
mixing ratio and partial pressure, such as reported from 
the Mars Exploration Rovers (MER) alpha particle x-
ray spectrometers (APXS) measurments [5], are not 
observed. Rather our results are more consistent with 
the orbital Odyssey gamma-ray spectrometer (GRS) 
observations of the equatorial region [6].  

The 40Ar/14N ratio does not display seasonal trends 
to date. The reported ratio of ~0.5 is significantly 
greater than that measured by the Viking Landers 
(VL), which were reported as Ar/N = 0.3 from the VL2 
mass spectrometer [7] and Ar/N = 0.34 from the gas 
chromatograph experiments [8].  The SAM calibration 
and data analysis procedures used to derive this ratio 
from the mass spectra have thus far been shown to be 
robust [3].   

Finally, we will present mesurements and seasonal 
observations for the O2 mixing ratio, and relate the in 
situ ground values to column O2 abundance measure-
ments from ChemCam passive sky observations [9]. 

The implications for these seasonal variations for 
the atmosphere in Gale Crater will be discussed. 
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