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During the years 1985-1990, astronomers have had a once-per-century opportunity to 
view a series of mutual transit and occultation events between Pluto and its satellite, Charon. 
The changing geometry during this interval has caused Charon (and its shadow) to "scan" 
different latitudes during the course of the mutual event series. Transits during 1985-1986 
were across northern latitudes. Equatorial latitudes were traversed in 1987-1988 and southern 
latitudes are being traversed in 1989-1990. Photometric observations of these mutual events 
obtained at the University of Texas McDonald Observatory have been used to derive a 
preliminary albedo map for the Charon-facing hemisphere of Pluto (1). One of the results of 
this mapping effort is the discovery of a bright southern polar cap on Pluto which may have an 
extremely high geometric albedo -0.9. It is apparently the brightest region on the planet, The 
reflectivity of the north pole may only be slightly higher than the average albedo (-0.5) while 
the equatorial region appears darker. 

This paper investigates the problem of such a bright cap for Pluto's south pole and 
proposes that this region is currently a reservoir for the planet's "volatile methane," i.e. 
methane that can be involved in seasonal transfers between the surface and the atmosphere 
over the course of the planet's 248 year eccentric orbit. Such seasonal variations have been 
proposed (2) as a means for maintaining the relatively high average geometric albedo (-0.5) 
for Pluto's methane ice surface which should otherwise be darkened in short timescales by 
exposure to solar UV photons and galactic cosmic rays. 

The apparent very high albedo (indicating the freshest methane deposits) for Pluto's 
south pole is initially puzzling because it is this pole that is oriented towards the sun as the 
planet approaches perihelion. (The obliquity of Pluto is such that its rotation pole lies roughly 
in the plane of its orbit.) If the periodic condensation of methane from Pluto's atmosphere is 
uniform across the planet while the vaporization is a non-uniform function of the sub-solar 
latitude near perihelion, then the south pole would be expected to be relatively depleted in fresh 
methane and show a lower albedo than the north pole. This is the converse of what is actually 
observed. 

This paper proposes that the observed bright south polar region is consistent with a non- 
uniform condensation of Pluto's atmospheric methane. As the planet moves towards 
aphelion, the north pole is continuously illuminated while the south pole is in continuous 
shadow. A resulting temperature asymmetry in which the south pole is the coldest area of the 
planet could allow preferential deposition of methane in that region as the increasing 
heliocentric distance causes Pluto's temperature to fall and initiates the condensation of 
methane from the atmosphere. This preferential deposition could lead to regions which 
become reservoirs for the long term storage of volatile methane. 

Under this scenario, the precession of Pluto's longitude of perihelion would cause the 
location of the preferential deposition to vary with a period equal to the precession period, 
estimated to be 3.7 x 106 yr (3). This rapid timescale for alternation would allow the 
reservoir region to remain bright against the darkening effects of hydrocarbon formation. The 
precession of the longitude of perihelion is likely to be the dominant periodic effect since 
calculations (4) have shown that Pluto's obliquity is relatively constant, varying only by 
roughly +,I5 degrees over a period of three million years. 

Maximum deposition at a polar region would occur when that pole is in the anti-solar 
direction at the time the methane condensation temperature is reached. It is highly uncertain at 
what post-perihelion time condensation occurs, with estimates ranging from 20-60 years past 
perihelion. At the current epoch for the longitude of perihelion, the anti-solar point is near the 
south pole -60 years past perihelion. Thus the volatile methane deposited at the south pole 
could be near a maximum at this epoch. Because the sub-solar latitude at perihelion 
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is near the equator at the current epoch, not all of the volatile methane stored at the south pole 
is likely to be currently involved in the seasonal surface-atmosphere interaction. Thus a 
reservoir of volatile methane could presently reside there. According to (3), the perihelion 
longitude is regressing. The sub-solar point at perihelion is moving southward on the planet 
and will be near the south pole in about one million years. At that point the volatile methane 
reservoir will be depleted from that region and relocated to northern latitudes. 

If proposed hypothesis is correct, then one implication is that the density of Pluto's 
atmosphere at perihelion is also a periodic function of the longitude of perihelion. If the 
methane reservoir held at the south pole at the current epoch is near a maximum, then the 
methane component of Pluto's perihelion atmosphere would be near a minimum in the current 
era. As the sub-solar point at penhelion approaches the south pole in about one million years, 
the density of Pluto's perihelion atmosphere will reach a maximum as the entire volatile 
methane reservoir becomes involved in the seasonal change of state. 
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