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There s e e m  to be general agreement that certain surface features on Mars are 
indicative of the presence of liquid water a t  various times in the geologic past. One 
possible explanation, for at least the oldest of these features, is the existence of a 
dense atmosphere on Mars wkch could have provided a greenhouse warming of the 
surface. It has been suggested in several studies (1,2,3) that large amounts of carbon 
dioxide (perhaps as much as 3 bars (4)) could have provided thls warming. However, 
previous calculations by K u h n  and Postawko (manuscript in preparation), using a 
detailed radiation model, have indicated that even a 3 bar C02 atmosphere will not 
create enough of a greenhouse to warm the martian surface above freezing if reduced 
solar luminosity is taken into account. These results imply that if sufficient surface 
warming due to an atmospheric greenhouse occurred, gases other than, or in addi- 
tion to, carbon dioxide and water vapor must have been present. 

As is indicated by features such as Olympus Mons, Mars must once have been, 
and may still be, volcanically active. As much as 54% of the martian surface is prob- 
able volcanic material (5). Sulfur dioxide is a good greenhouse gas that is frequently 
found in emissions from terrestrial volcanoes. Volcanism also appears to be responsi- 
ble, at least in part, for the SO2 found on Venus (6). Although SO2 is not presently 
found in the martian atmosphere, there is reason to believe that sulfur compounds 
may have been released by martian volcanoes. One clue is that lavas from martian 
volcanoes are inferred to be basaltic, and as such may have contained significant 
amounts of sulfur (7) (basaltic lavas generally release about 10 times more sulfur 
than equal amounts of silicic magmas (8)). In addition, martian soils have a greater 
percentage of sulfur than terrestrial soils (3-4% S by welght) (7). 

Sulfur dioxide is also an attractive gas in the respect that since not all water- 
related features were formed early in Mars' history, sporadic volcanism, with the sub- 
sequent release of SOz, may help to explain the formation of some of the younger 
features. One major volcanic eruption on Earth can produce as much as 10'' grams 
of sulfur (8). Shield volcanoes on Mars tend to be much larger thaon those on Earth 
(5,Q). The long flows associated with martian volcanic features are inhcative of h g h  
eruption rates (5). Volcanism appears to have been active on Mars through the past 
bibon years, and even at present Mars can only be classified as volcanically dormant 
(9). Thus, it seems reasonable that large amounts of SO2 may have been released into 
the martian atmosphere sporadically throughout history. The greenhouse effect this 
may have had on martian surface temperature is the subject of this study. 

Since the actual amount of SO2 that may have been present in the atmosphere of 
Mars is difficult to estimate, these calculations have focused on determining how 
much SO2 would be required to provide the necessary greenhouse warrmng to raise 
surface temperatures above freezing for a range of initial conditions. 
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