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EFFECTS OF EPOCHAL VS. EPISODIC RELEASE OF SO, BY 
VOLCANOES ON MARS S.E. Postawko, F.P. Fanale, and A. P. Zent, Planetary 
Geosciences Div., HIG, Univ. of Hawaii, Honolulu, HI 06822 

It is clear that volcanism has occurred throughout much of the history of 
Mars. The release of gases into the atmosphere, due to volcanism, may have had 
significant climatic effects. We have made estimates of amounts and varying rates 
with which gaseous SO, may have been injected into the martian atmosphere, and 
investigate the impact this may have had on global climate. 

The amount of SO, released from terrestrial volcanoes varies greatly (cf., 1,2). 
We have chosen 0.1 to 1 weight percent of SO, as reasonable bounds. The steady- 
state concentration of SO, in the atmosphere is dependent on its rate of release, 
and its atmospheric lifetime. 

The lifetime of SO, in a volcanically perturbed martian atmosphere is some- 
what difficult to assess. Settle (3) estimated the lifetime of SO, in a present-day 
martian atmosphere would be on the order of 6 [Earth] years. Terrestrial vol- 
canoes, however, also release substantial amounts of water vapor, along with other 
gases. Since the concentration of odd hydrogen species in the martian atmosphere 
is directly proportional to the water vapor abundance, and the oxidation rate of 
SO, is directly proportional to the concentration of odd hydrogen species, increased 
atmospheric water vapor would decrease the lifetime of SO,. Settle estimates the 
lifetime of SO, in a volcanically perturbed martian atmosphere would be compar- 
able to, or somewhat greater than, the lifetime of SO, in the Earth's stratosphere. 
For our study we have chosen lifetimes of 114 year [approximate lifetime of SO, in 
the Earth's stratosphere (3)], and 1 year [a compromise between the lifetime in the 
present martian atmosphere and the lifetime in earth's stratosphere]. 

First let us consider an epochal time scale. Total magma erupted during each 
of 7 martian epochs was taken from Greeley (4). If volcanism had taken place u i- !? formly thro$gh each epoch, then magma fluxes would have been between -0.1 m /s 
and "10 m /s, depending on the epoch. If the lifetime of SO, were on the order of 
1 year, then for even 1 wt.% of SO, the steady-state concentration of SO2 in the 
atmosphere would have been too low during each epoch to have significantly 
affected surface warming on a global basis. 

Rather than continuous volcanism through each epoch, it is more likely tkat 
volcanism occurred episodically. We have chosen 2 magma fluxes: 5 x. 10 m /sd 
corresponding to a mid-range eruption rate for Alba Patera, Mars (5); and 10 
m3/s, corresponding to some estimates for eruption rates of the Yakirna Basalts of 
the Columbia Plateau (6), and for some flows on Alba Patera (7).  For a 1 year life- 
time and 1 wt.% of SO,, these magma fluxes produce steady-state atmospheric SO, 
abundances which increase mean annual global surface temperature by about 5 ' ~  
and ~o'K, respectively. 

While the effect of atmospheric SO, on very early martian climate is still quite 
speculative, it seems clear that SO, could have played a significant role in episodic 
warming of Mars even after an early thick atmosphere would have disappeared. 
This may have particular relevance to formation of features such as the layered 
deposits seen in the Valles Marineris. It has been suggested (8) that the nature of 
these layers is most consistent with formation by deposition of sediments in ice- 
covered lakes. Two of the processes which have been proposed to transport 
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sediment down through an ice cover are 1) foundering, and 2) Rayleigh-Taylor ins- 
tability (8). Among other parameters, the thickness of ice on perennially frozen 
lakes is dependent on the year18 average surface temperature (9). If all other 
parameters remain constant, a 10 K increase in surface temperature could decrease 
the thickness of the ice by up to "20%. Thus, the efficiency of both the above 
processes may be increased by even a small atmospheric warming. 

It is possible that under certain circumstances SO, could have contributed 
even more to surface warming. Although the above magma fluxes are probably as 
high as possible, the steady-state atmospheric abundance of SO, could be signifi- 
cantly increased if the SO, lifetime were greater than 1 year. This may occur, for 
example, during periods of low obliquity when polar cold trapping acts to keep the 
atmosphere very dry. In addition, because early volcanic terrain may have been 
extensively covered by more recent volcanic activity, the amount of volcanism early 
in martian history may be much more extensive than indicated. 

Sulfur dioxide is only one of several greenhouse gases released by terrestrial 
volcanoes. Other major gases include C0, and H20. Preliminary calculations indi- 
cate that neither of these two gases, individually, would have contributed more to 
surface warming than the SO, (if released in amounts consistent with terrestrial 
volcanoes). 
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