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THE EFFECT OF ALBEDO ON SUBLIMATION-DR.IVEN FLOW OF SO2 ON 
10, A. P. Zent, Space Sciences Division, Ames Research Center, Moffett Field, Ca. 94035 

This report outlines continued efforts to understand the distribution and vapor-phase fluxes 
of SO2 across 10's surface. The goal of this work is to explore the stability of the large, high 
albedo regions along 10's equator, under the assumption that they are composed of SO2 and can 
locally buffer the atmosphere. Spectral modeling efforts have concluded that the "hemispheren 
of 10 containing the bright regions (0 - 270°) has a higher proportion of condensed SO2 on its 
surface than the darker hemisphere (I), and the bright material has been specifically identified as 
spectroscopically compatible with almost pure SO2 (2). 

Two end-member cases are investigated; ubiquitous local atmospheric buffering, and atmospheric 
buffering at high albedo and polar regions only, the 'sparesly buffered modeln. A one-dimensional 
model of SO2 vapor exchange is applied repeatedly across 10's surface, using bolometric hemispheric 
albedos reported in the literature (2). The model calculates the instantaneous equilibrium vapor 
pressure over SO2 throughout 10's diurnal cycle, and yields a local diurnal average atmospheric 
pressure after stability. The current version of the model employs only 30° resolution, but will be 
upgraded in the near future. Diurnally averaged vapor pressures are contoured by interpolation. 
Results of the ubiquitous buffering are shown in Figure 1. It is assumed that net diurnal SO2 
migration is perpendicular to  isobars; possible sources of other flux components are discussed briefly 
below. 

Two effective cold traps are predicted for 10: the low latitude bright regions, and the poles. The 
diurnal average vapor pressure for the bright regions is on the order of 10-lo bars, and for the darker 
regions lo-' bars. The polar regions average as low as 10-l~ bars, and there are probably small 
regions that never see direct insolation. When only the bright regions and poles are allowed to buffer 
the atmosphere locally, flow is from bright regions to  the dark, low-latitude regolith and the poles. 
A simple generalization of the result may be stated aa follows: If the surface buffers atmospheric 
SO2 ubiquitously, the low latitude bright regions are SOa sinks (Fig. 2). If only the low-latitude 
bright regions contain SO2, they are SOa sources. Several questions follow: How important are the 
components of SO2 flux that the model ignores? Which end-member model approximates 10 most 
closely? If the poles and the bright regions are both SO2 sinks, why ie one bright and another not? 

Possible flux components and SO2 sources that are ignored in this model include the sputtered 
component of 2702, volcanic sources, the effects of 10's rotation, and the possible presence of other 
atmospheric components. Plasma-induced molecular redistribution on icy satellites has been in- 
vestigated (3,4,5,6) although implications for SO2 on 10 are not clear. Sublimation dominates the 
sputtered flux at temperatures greater than 95 K under the ion fluxes observed at 10. Sublimation 
flux of SO2 probably dominates the sputtered flux on a diurnal average, up to about 80° latitude, 
even though sputtering is the dominant escape process during most of the day. The difference is due 
to  the extremely strong functional dependence of sublimation rate on temperature, so that more 
loss takes place in the few h o r n  around peak insolation than in all the rest of the diurnal cycle. 

Volcanic sources are not considered in this model, but it is unlikely that they will affect the 
transport of SO2 on the scale considered here (7). The possible presence of other atmospheric com- 
ponents (8,9) would hardly alter the conclusions reached in this work, since almost all redistribution 
of SO2 is predicted to  occur near the peak of the maximum diurnal insolation, when SO2 is the 
dominant atmospheric component and undergoes hydrodynamic flow rather than diffusion through 
a more abundant species. Sublimation-driven flow may well be the strongest component of the SO2 
redistribution on 10, and albedo variations and eclipse by Jupiter almost certainly account for all 
net meridional transport. 

Although neither end-member case calculated here is entirely compatible with all data, it is 
argued that the ubiquitously buffered model is more consistent with the inferred distribution of 
surface SO2 than the sparsely buffered model. In particular, it is likely that the low latitudes would 
darken quickly if they were not acting as SO2 sinks. Sublimation of surface SO2 to the polar cold 
traps would enrich the residual materials in a non-volatile mantle. Simultaneous sputter-driven SO2 
chemistry can lead to  loss of S and 0, implantation of other species, and recombination of remaining 
materials to  sulphur allotropes and alkali sulphates (6,lO). 
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It is not necessary to resupply the low latitude bright regions with SO2 from the low-albedo 
regolith as assumed in the ubiquitously buffered model. Although maps of possible vents and albedo 
data suggest a negative correlation of vent density with albedo (cf. 11, 12), it is nonetheless possible 
for sub-resolution fumeroles to provide abundant SO2 to the surface in the bright regions. However, 
the total thermal flux from Loki is larger than most estimates of the heat production by tidal 
dissipation, and it is not clear that fumerolic activity can be invoked without exaggerating the 
already troublesome violations of the tidal dissipation calculations. 

Ubiquitous buffering violates a few observations as well. Voyager IRIS data indicated bars 
SO2 over the volcano Loki, located in the dark hemisphere of 10 and well away from large-scale 
bright deposits. If the atmosphere was not locally buffered at the equilibrium surface temperature 
at the time of the IRIS observations, then the observed SO2 must have originated with Loki, which 
was therefore at least supplying part of the dark hemisphere regolith with perhaps 2 x 10' g sec - I  of 
SO2. Spectroscopic modeling (1,2) indicates that SO2 is present across the disk at 20% or greater 
surface coverage almost everywhere. It requires more than 5 x g SO2 cm-2 to buffer the 
atmosphere to bars. As a condensed ice, that amounts to a layer only 3 pm thick. However, 
at  20 vol%, a mixture of SO2 with sulphur in a regolith of bulk density 0.3 forces almost a 
millimeter of regolith to communicate its SO2 with the atmosphere on a diurnal basis. Although 
very little SO2 ia required, dark regions in particular may not have enough near surface SO2 to 
buffer atmospheric pressures over a diurnal cycle. 

Several observations previously considered good arguments against a thick SO2 atmosphere 
appear less robust. The absence of polar caps requires some burial or destruction mechanism, 
since even the low-latitude bright regions would supply a substantial amount of SO2 to the poles. 
Sputter destruction of poleward bound SO2 and possible enhanced sputtering at the poles due to 
ion migration along the flux tubes may account for the difference (13). In addition, polar SOa may 
be buried by other atmospheric components (9). 

The 0.008 cm atm limit (14) was derived by *>bservations at eastern elongation, when the brightest 
hemisphere of 10 was facing Earth. Equilibrium with the surface would fall well below the quoted 
limit (15). 

It ia suggested that the atmosphere of 10 is buffered by the surface over a greater fraction of the 
surface than that occupied by the low-latitude bright deposits. Additional SO2, derived ultimately 
from volcanic sources and perhaps stored temporarily in the regolith, is eventually cold trapped into 
the poles and bright regions (15). 
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Figure  1 - Flnx  rec to r s  perpendicular t o  Imobars. T h e  s t lpp led  
reelon represents  t h e  brightest areas on t h e  p lane t  (11). 
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