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   Introduction:  Measurements from the Viking land-
ers and Mars Pathfinder have shown that sulfur is a 
component of the soil on the surface of Mars [1].  
However, one of the major and most surprising find-
ings of the Mars Exploration Rovers [2] and the ESA 
Mars Express OMEGA instrument [3, 4,5] is how 
widespread sulfate minerals, in the form of gypsum 
(CaSO.2H2O) and anhydrate sulfate (CaSO4), actually 
are on the surface of Mars.  Perhaps even more surpris-
ing is the lack of detection of carbonates on the surface 
of Mars.  It appears that these two findings, the wide-
spread distribution of sulfates and the lack of detection 
of carbonates, may be related.  The widespread distri-
bution of sulfates on Mars indicates a past watery and 
acidic environment on surface of Mars, an environ-
ment that could readily lead to the destruction of sur-
face carbonates, should they have existed.  Calcium 
carbonate is readily destroyed by reaction with sulfuric 
acid (H2SO4) in solution, which leads to the formation 
of gypsum (CaSO4

.2H2O) via the reaction: CaCO3 + 
H2SO4 CaSO4

.H2O + CO2 
   Volcanic Sulfur: Sulfuric acid (H2SO4) is readily 
formed via atmospheric chemical reactions from sulfur 
dioxide (SO2), an important component of volcanic 
emissions.  To-date, attempts to detect sulfur dioxide 
and other sulfur compounds in the present-day atmos-
phere of Mars have been unsuccessful [6].  However, 
there is a good possibility that sulfur dioxide was an 
abundant constituent of the early atmosphere of Mars.  
The source of sulfur dioxide in the early atmosphere of 
Mars was volcanic emissions.  After water vapor 
(H2O) and carbon dioxide (CO2), sulfur dioxide (SO2) 
is the most abundant gaseous component of Hawaiian 
volcanic emissions [7].  The chemical composition of 
volcanic emissions in percent of gaseous emissions are 
H2O: CO2: SO2 is 79.31%: 11.61%: 6.48% [7].   Sulfur 
dioxide is readily converted to sulfuric acid via atmos-
pheric chemical reactions involving atmospheric ozone 
(O3) and atomic oxygen (O) [8], according to the fol-
lowing atmospheric chemical reactions: 
SO2 + O3  SO3 + O2, and, 
SO2 + O + M  SO3 + M 
SO2 is very chemically active and above reactions are 
very fast with a lifetime on the order of weeks in the 
present-day atmosphere of Mars [8].  The SO3 is con-
verted to sulfuric acid by reaction with water (H2O): 
SO3 + H2O  H2SO4   
The environment associated with volcanic activity is 
very water-rich with abundant volcanic water in both 
gaseous and liquid phases.  Sulfuric acid is very water-

soluble and readily precipitates out of the atmosphere 
in the form of water droplets.  
How much SO2 was produced on early Mars?  Esti-
mates for the amount of SO2 in the early atmosphere of 
Mars may be made by considering the release of 
magma and its accompanying gaseous emissions dur-
ing the Tharsis formation [9].  Phillips et al. [9] have 
estimated that volcanism associated with the Tharsis 
formation produced about 3 x 108 km3 of igneous ma-
terial, equivalent to a 2-km-thick global layer.  In addi-
tion, the Tharsis formation released huge amounts of 
water vapor, carbon dioxide and sulfur dioxide to the 
atmosphere.  The Tharsis formation released the 
equivalent of a 120-km-thick global layer of precipi-
table water (assuming a water content of 2 weight per-
cent (wt %) in the magma and produced a 1.5-bar at-
mosphere of CO2 (assuming a CO2 content of 0.65 wt 
%) [9]. The weight percentage for H2O and CO2 are 
consistent with Hawaiian basaltic lavas.  The release of 
SO2 to the atmosphere associated with the Tharsis 
formation may be estimated by using the ratio of vol-
canic emissions of H2O: CO2: SO2 for Hawaiian volca-
noes [7] with the estimates of the magma and the ac-
companying gaseous H2O and CO2 released to the at-
mosphere [9].   The release of SO2 to the atmosphere 
associated with the Tharsis formation produced a 1-bar 
sulfur dioxide atmosphere on Mars, which is compara-
ble to the mass of the Earth’s present-day atmosphere.  
This is an enormous quantity of atmospheric SO2, 
which produced an enormous quantity of sulfuric acid 
that precipitated out of the atmosphere onto the surface 
of early Mars that could have destroyed any existing 
surface carbonates and is the source of the widespread 
sulfates on the surface of Mars.  
   The Search for Gases of Volcanic and Biogenic 
Origin on Present-Day Mars: The detection of trace 
gases of volcanic origin, such as sulfur dioxide, and 
gases of biogenic origin, such as methane (CH4), in the 
present-day atmosphere of Mars is very difficult and 
challenging.  Recent Earth-based and Mars Express 
measurements suggest the detection of methane in the 
atmosphere of Mars [10,11,12].  However, there are 
questions concerning the interpretation of these 
measurements.  The difficulty and challenge of 
detecting trace gases of volcanic and biogenic origin in 
the present-day Mars atmosphere are due to the very 
low concentrations of these gases and their relatively 
short lifetime in the atmosphere of Mars.  Both 
volcanic and biogenic gases, if they exist in the atmos-
phere of Mars, would have emanated from relatively 
small point sources on the surface of Mars.  Volcanic 
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sources on the surface of Mars.  Volcanic gases will 
most probably emanate from localized sur-
face/subsurface sites of volcanic activity and biogenic 
gases will most likely emanate from localized sur-
face/subsurface sites of biogenic activity.  The concen-
tration of a gas emanating from a surface point source 
is significantly diluted by atmospheric diffusion and 
transport processes, as well as gas loss by atmospheric 
photochemical and chemical processes.  Mars atmos-
pheric diffusion calculations indicate that the concen-
tration of a gas emanating from a surface point source 
is diluted by a factor of 10-4 to 10-5 at a distance of 50 
km away from the source after only one hour [13].  
After a year, the gas concentration is diluted by a fac-
tor of 10-8 [13].  Hence, the measurement challenge is 
to detect very small concentrations of very short-lived 
gases spectroscopically from orbit or using in situ 
and/or spectroscopic techniques from the ground.   
Almost all trace gases of volcanic and biogenic origin 
are destroyed by solar ultraviolet radiation, which in 
the ozone-deficient atmosphere of Mars readily 
reaches the surface.  In addition, these gases are de-
stroyed by reaction with hydroxyl radical (OH), readily 
formed from atmospheric water vapor (H2O) [8] ac-
cording to the reactions: 
H2O = hv  OH + H, where h is Planck’s constant and 
v is the frequency solar radiation, and, 
H2O + O(1D)  2OH, where O(1D) is excited atomic 
oxygen. 
The calculated atmospheric lifetime of selected vol-
canic and biogenic gases atmospheric gases are shown 
in Table 1.  Inspection of Table 1 indicates that most of 
the gases of volcanic and biogenic origin are very 
short-lived making their detection very difficult.  New 
measurement platforms and measurement techniques 
are needed to detect these important, short-lived trace 
atmospheric gases. 
 
Table 1. Calculated Atmospheric Gas Lifetimes. 
 

Gas Lifetime 
Carbon Dioxide (CO2) 21,000 years [14] 
Water Vapor (H2O) 780 years [14] 
Methane (CH4) 300 years [15] 
Hydrogen Sulfide (H2S) 90 days [15] 
Sulfur Dioxide (SO2) 40 days [15] 
Dimethyl Sulfide 
(CH3SCH3) 

35 days [15] 

Formaldehyde (CH2O) 20 days [15] 
Dimethyl Disulfide 
(CH3S2CH3) 

14 days [15] 

Ammonia (NH3) 1.25 days [15] 
Hydrogen Peroxide 
(H2O2) 

0.5 day [15] 

Sulfur Oxide (SO) 4.6 hours [15] 
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