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OH IN THE MERCURIAN EXOSPHERE AS A FUNCTION OF POLAR ICE CAP; R. M. Killen, T.H. 
Morgan, and J. Benkhoff, Southwest Research Institute, SanAntonio, Tx. 

Evidence for polar ice caps on Mercury has been presented from radar data [1,2,3]. It 
was shown that regions at both poles which are highly reflective in the radar could be due 
to water ices, and that such ices could be stable against evaporative loss at Mercury only 
in permanently shadowed polar craters. We show that a polar cap on Mercury could not 
be due to cometary or meteoritic impact, and would Likely be eroded by vaporization by 
micro-meteoritic flux if it were in place for the lifetime of the solar system. However, a 
polar cap could be degassed from the planet's interior. If the observed polar cap is 
composed of water ice, a test of the amount of ice would be a measurement of OH above 
the pole. We calculate the OH emission tangent to the pole as a function of surface 
temperature and time since emplacement of the cap within 10 meters of the surface. 

If the radar bright spots are due to water ice, then the radar reflectivity implies that this 
ice must be "dirty", or covered by some amount of dust. The method we use for this 
problem is Knudsen flow in a porous medium [4]. For a model initially having 10 meters 
of ice-dust mixture which is 50% ice and 50% dust, with a porosity of 0.5, we have 
computed a degassing flux for water as a function of time. From the degassing rate 
predicted at the present epoch for the various models, we compute the predicted strength 
of the OH line at 3085 A. The temperature at the base of the ice-dust layer is assumed to 
be 100 K in all models. The parameters assumed are density = 1600 kg/m3, heat capacity 
of iceldust mixture = 0.06 WImK, and heat capacity of dust alone = 0.1 WlmK. The 
results show that if the water were in place for 1.5 million years, the intensity of OH 
emission tangent to the pole would be 36 kR for a surface temperature of 115 K, 11 kR 
for a surface temperature of 110 K, and 1 kR for a surface temperature of 115 K. After 
4.5 billion years the flux, and hence the emission rate, would be decreased by a factor of 
about 0.024, hence the emission rate would be 850 R for T,=115 K if the water had been 
in place to a depth of 10 meters when the planet was formed. For the coldest model, about 
0.3 m of ice would have degassed over the age of the solar system. If in fact the water 
had degassed from the interior, the flux at the current epoch would increase to the former 
values, because the surge of water would have taken some time to reach the surface. 

Vaporization rates for the regolith by meteoritic bombardment were presented [5,6], 
based on extrapolation from the terrestrial ' environment The H 2 0  production from 
vaporization of a polar cap by meteoritic bombardment would be more efficient. The rate 
of infall of micro-meteoritic material estimated by Cintala is about 40% of that estimated 
by Morgan et al. but more recent work [7] supports the numbers given in Morgan et al. 
Based on these meteoritic rates, we show that the OH emission tangent to the pole from 
vaporization by meteoritic impact alone would greater than that from degassing after 1.5 
million years, and exceed the production from degassing after 4.5 by for all models with 
surface temperatures less than 130 K. Meteoritic bombardment would effectively erode an 
ice cap over the lifetime of the planet. 
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An amount of ice necessary to form a polar cap at Mercury cannot have been accreted 
from comets or meteorites impacting the surface. According to [8] none of the mass of the 
impactor will be retained if the impact velocity is greater than 15 kmlsec. These 
conditions are met only for periodic comets with semi-major axes less than 0.75 AU, 
assuming i=O and q=O.39 [9]. Since there are virtually no periodic comets having these 
orbital elements, we conclude one meter of ice could not be delivered by comet impact to 
the Mercurian poles. The mean impact velocity of parabolic comets with Mercury is 87 
kmlsec, that of periodic comets is 44 krn/sec, and that of asteroids is 34 krnfsec. Of the 
known earth-crossing asteroids, only one (1976 UA) would have an impact velocity with 
Mercury less than 15 krnlsec. However, asteroids are comprised of only about 5% water. 
It is unlikely that the cap would have survived within 10 meters of the surface over the 
lifetime of the solar system, due to erosion by meteoritic impact. We conclude that the 
water, if present at the poles of Mercury, must have degassed from the planet's interior. 
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