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RECENT ELYSIUM VOLCANISM - EFFECTS ON THE MARTIAN ATMOSPHERE; J. B. Plescia and 
J. Crisp, Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA. 

A vast area of plains in southeastern Elysium near 5ON, 195" has been identified as young 
(Upper Amazonian) volcanic plains (1). These plains represent flood eruptions of very low 
viscosity lavas much later in time than volcanism that produced the major volcanoes of Elysium. 
Since volcanism is a principal mechanism by which gases are supplied to the atmosphere, and 
since these gases can have important climatic effects, it is important to consider the amount of 
H 2 0 ,  CO2, and other gases that have been erupted. We present estimates of release masses and 
rates from this volcanic episode. The age (defined by a crater density of 89+15 craters 2 1 km 
per 106 km2) corresponds to the Upper Amazonian (2) making this the youngest major volcanic 
episode. Lavas, covering 1.5 x lo6 km2 and presumably erupted through fissures, filled a 
topographic low and then flowed through knobby terrain into westernmost Amazonis. The 
western plains are characterized by scattered low shields having radial lava flows. Unit 
thickness is uncertain, individual flows are about 10 m thick; the entire deposit buries older 
knobby terrain having local relief of 200-400 m (estimated by Earth-based radar data (3)); 
hence the volcanics must be thick enough to bury that relief. On the basis of unit morphology, 
length of flows, and the extent of the deposit, it can be inferred that the lava was of low viscosity 
and mafic to ultramafic composition. The age and petrology of the shergottites suggest they may 
have come from this unit. 

Volatile release can only be estimated, since compositions, volumes, and eruptive conditions 
are speculative. The H 2 0  content of terrestrial mafic to ultramafic lavas is relatively low (less 
than a few percent) but hydrous amphibole in melt inclusions from SNC meteorites (which 
presumably come from Mars) indicates potentially high water content in martian magma. Most 
terrestrial basalts have H 2 0  contents of >0.5% by weight (our lower estimate) and Johnson et al. 
(4) estimated the water content of the Chassigny parent magma at 1.5% (our upper estimate). 
Therefore, assuming these H z 0  contents, the amounts released can be estimated for different 
volumes of erupted lava. 
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The present H 2 0  mass of the martian atmosphere is estimated to be 1015 g (5). Therefore, 

this episode would have released H 2 0  amounting to lo2 to lo4 times the present atmospheric 
mass. However, the critical point is not simply the H 2 0  amount, but the rate at which it was 
injected because a large release rate could substantially effect the local and or global climate. 

Estimating release rate requires an estimate of the lava effusion rate. Eruption rates have 
been observed directly for only a few terrestrial volcanoes; rates have never been directly 
observed for massive flood eruptions such as Columbia Plateau. Crisp (6) presented average long- 
term (300-108 yr) eruption rates for volcanoes and volcanic centers. Eruption rates are 1.6 X 

1 0 - I  km3 yr-l for the Karroo volcanics; 8 X km3 yr-l for the Columbia Plateau; and 7 X 
km3 yr-1 for the Snake River Plains; Mauna Loa averages about 8.5 X km3 yr-1. These 

long-term rates provide a lower bound on the actual effusion rates, as individual eruptions were 
probably separated by periods of quiescence. The effusion rate for the Roza member of the 
Columbia Plateau is estimated at lo6 m3 sec-l (7) which would correspond to a long-term 
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average of 3.2 X lo4 km3 yr-l;  but the eruption probably lasted only a matter of days. Using 
these various rates, an estimate of the duration of volcanic activity for the Elysium flood lavas 
can be made. 

Time to E r ~ p t  Volcanics (Years) 
Volume Erupted Long-Term Rates (km3 yr-l) 

w3> 1.6 X 10-I 8 X 7 x lo-3 3 x lo4 

The gas loading rate depends on the actual magma effusion rate during eruption. The Elysium 
volcanic province is similar in volume to the Columbia Plateau and is presumably grossly 
similar in composition (i.e., mafic). Therefore, estimates of the eruptive history of the Columbia 
Plateau allow at least a point of comparison for Elysium. The Roza rate is probably a reasonable 
estimate of the actual effusion rate and such rates would imply a few short-lived periods of 
eruption separated by periods of quiescence. The entire Elysium volcanic episode probably 
spanned lo6 - lo7 years. 

Assuming 1.0 weight % H20, a total eruption of 3.6 X lo5 km3, and 10 eruptive episodes of 
100 days length each, the inferred effusion rate would be similar to the Roza event. H z 0  loading 

rates would be 9.4 X 1015 g day-l;  about 10 times the present H 2 0  would be loaded into the 
atmosphere each day during the eruption. Greater eruption rates (i.e., shorter episodes) would 
inject correspondingly greater fluxes. The net activity would add about a factor lo3 times the 
current water mass. 

C 0 2  typically varies from 0.01 to 1.5 % weight in mafic lavas. Assuming 1%, the volume and 
release rate of C 0 2  would be similar to H20. The current C 0 2  mass of the martian atmosphere is 

about 2.5 X 1019 g. Under the above conditions, 9.4 X 1015 g day-l would be released. This 

would correspond to an increase in mass to the atmosphere of only a factor of 3.8 X per day, 
however the net influx of C 0 2  would be similar to the present total atmospheric C 0 2  mass. The 
amount of other volcanic gases are poorly constrained (and their concentration in the martian 
atmosphere is uncertain) but some rough estimates can be made based on their concentrations in 
terrestrial mafic lavas (8). The total release amounts would be: 8 X 1017 g for S; 6 X 1016 g for 
C1, and 9 X 1016 g for F1. 

The actual amounts of released gas are small compared with the total masses released by all 
of martian volcanism (9), but they are important because of their very young age. Release of 
significant quantities of H 2 0  and C 0 2  as well as other gases into the atmosphere in the recent 
past would have significantly affected the climate, at least on a local scale. The results of such 
volcanic gas release may be manifested as an influx of ground water, surface chemical alteration, 
or climate changes. 
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