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Introduction:  The quadrupole mass spectrometer 

of the Sample Analysis at Mars (SAM) instrument suite 
on the Mars Science Laboratory (MSL) Curiosity rover 
conducts periodic sampling and measurement of the 
volume mixing ratios (VMRs) of CO2, N2, 40Ar, O2 and 
CO in the ambient atmosphere [1]. Over the observation 
period spanning Mars Years (MY) 31–34, the O2 VMR 
was found to exhibit significant variation [2]. Even after 
accounting for transport effects driven by the seasonal 
condensation and sublimation of CO2 at the poles that 
also affect the N2 and Ar VMRs, the O2 VMR has 
residual variations of ~20% (Figure 1). With the 
photochemical lifetime of O2 being >10 years [3], 
variations of such magnitude on a seasonal and 
interannual timescale are unexpected. Large variations 
in the O2 VMR have also been measured in more recent 
SAM observations, but calibration is still ongoing for 
these recent measurements. In addition, MSL’s 
ChemCam spectrometer has observed seasonal and 
interannual variations in the column-averaged O2 VMR 
with relative magnitudes comparable to SAM, although 
the average ChemCam VMR is higher and only partially 
correlated with SAM [4]. 

 

 
Figure 1: Variations in O2 VMR, normalized by 40Ar 
VMR, plotted against LS and colored by MY. The 
shaded region shows the overlapping mean and median 
of the dataset. Dashed lines indicate the observed 
increase in O2/40Ar over LS 0–150°. Figure from [2]. 

 
Correlation with Relative Humidity:  After the 

publication of [2], we discovered a coding error for the 

correlation between O2/Ar and the daily maximum 
relative humidity as measured by the MSL Rover 
Environmental Monitoring Station (REMS) [5]. This 
error affected only the datapoint for sol 45 (Figure 2). 
The correction increased the Pearson correlation 
coefficient between the two variables from 0.42 to 0.59.  

 

 
Figure 2: Correlation plot between O2/Ar and REMS 
maximum relative humidity. The wrongly plotted point 
for sol 45 is circled, with an arrow pointing to the 
corrected point.  

 
Figure 3: Schematic of oxygen photochemistry. Note 
that reactions for NOx chemistry are not shown.  
 

Possible Drivers of O2 Variations:  Drivers for the 
O2 variations can lie in atmospheric photochemistry 
and/or surface processes. The observed variations 
correspond to 1014 molecules/cm3 of O2, and thus the 
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proposed mechanisms would have to be able to both add 
and remove this amount of O2 from the atmosphere over 
the timescale of ~100 sols.  

Photochemistry.  O2 is linked through a web of 
photochemical reactions to a variety of species, 
predominantly the photodissociation products of CO2 
and H2O (Figure 3). In addition to the species and 
reactions shown in Figure 3, O2 and O also form a small 
loop with NO and NO2, primarily through the reactions 
NO + O → NO2 and NO2 + O → O2 + NO.  

While the observed variations in O2 VMR are on the 
order of 10-4, the combined surface VMR of the minor 
species is significantly smaller (O – 10-9, O3 – 10-8,  
OH – 10-14, HO2 – 10-12, H2O2 – 10-8, NO – 10-9,  
NO2 – 10-12) [6,7,8]. Thus these minor species are not 
sufficient to function as reservoirs that can switch 
between being sources and sinks of O2 under varying 
atmospheric conditions, but only as bridges from the 
larger reservoirs of CO2, CO and H2O.  

The first step of converting CO2, CO and H2O into 
O2 is photodissociation (Figure 3). Analysis of the 
correlation between O2 VMR and UV radiation fluxes 
from MSL’s Rover Environmental Monitoring Station 
(REMS) [5] found that while the increase in O2 VMR is 
associated with an increase in UV radiation fluxes, there 
are significant interannual O2 VMR variations under 
similar UV radiation fluxes [2]. Thus UV radiation 
fluxes could at most be a partial explanation for the O2 
variations.  

Investigations using the 1-D photochemical model 
of [8] found that while reasonable O2 VMRs and a 
photochemical lifetime of ~100 sols can be achieved (at 
the surface) through appropriate setting of the surface 
boundary conditions, the effects of changing these 
boundary conditions are strongly suppressed above the 
surface by atmospheric photochemistry. This points to 
the general stability of the bulk atmosphere against O2 

VMR variations of the observed magnitude, and 
atmospheric photochemistry is unlikely to be a major 
driver behind the O2 variations without the introduction 
of some yet-to-be-discovered O2 production channel.  

Surface processes.  Unlike atmospheric processes 
which act on a global or regional scale, surface 
processes can be more spatially limited. The smaller 
spatial scale implies that we do not need a mechanism 
for drawing out the O2 from the atmosphere, and the O2 
decreases can simply be explained by mixing with the 
background atmosphere. Nonetheless, a surface 
reservoir and a mechanism for release from the reservoir 
have to be identified, as well as a mechanism for 
reservoir recharge.  

We identified 3 potential reservoirs of O2 that can 
release O2 under Martian conditions: 

1. Perchlorates: Perchlorates can decompose to 
release O2 when heated or irradiated by galactic 
cosmic rays [9]. The amount of perchlorates 
required for producing the observed magnitude of 
the O2 variations — a reservoir of at least 
15 µg/cm2 — can be easily satisfied by the >0.5% 
perchlorate concentrations at Mars. Nonetheless, 
the O2 variations (as opposed to constantly elevated 
O2 levels) also require trigger events that activate 
and deactivate the reservoir, or local mineralogical 
variations along Curiosity’s track.  

2. H2O2: As indicated in Figure 3, H2O2 can be 
photodissociated to form OH, which in turn can 
react with O to form O2. Although there is little 
H2O2 in the atmosphere [7], its concentration in the 
subsurface could be greatly enhanced by diffusion 
from the atmosphere into the regolith [10], as well 
as production in the subsurface by processes such 
as radiolysis [e.g., 9]. The H2O2 would then be 
released by thermal or mechanical triggers [11]. 
The increase in O2 would correspond to a reservoir 
of >6 µg/cm2 of H2O2. A release of H2O2 would 
also be consistent with the higher relative humidity 
associated with O2 increases.  

3. Brines: O2 can be dissolved in subsurface brines, 
and then released when these brines become 
exposed on the surface and dry up. Based on 
solubility data from [12], brine reservoirs with 
depths of 0.1–104 m would be required, with the 
smaller values corresponding to supercooled 
Ca(ClO4)2 and Mg(ClO4)2 brines. While the release 
of brines containing dissolved O2 would be 
consistent with the correlation with higher relative 
humidity, brine reservoirs of significant depths 
have not been detected.  
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