
LPSC X I X  545  

STABILITY AND INSTABILITY OF THE SOUTH POLAR CAP ON MARS. Bruce M. 
Jakosky, Laboratory for Atmospheric and Space Physics, University of Colorado, 
Boulder, CO 80309-0392, and Robert M. Haberle, NASA/Ames Research Center, MS 
245-3, Moffett Field, CA 94035. 

Observations of the abundance of water vapor in the martian atmosphere 
made in 1969 showed large amounts of water during the southern-hemisphere 
summer season. These abundances were similar to those seen during the 
northern-hemisphere summer season, and suggested that both polar caps lost 
their seasonal carbon-dioxide frost during the summer, exposing an underlying 
water-ice deposit which could then heat up and supply water to the 
atmosphere. Observations from the Viking spacecraft during 1976-1979 
indicated that, while the north-polar cap did lose its CO, frost cover during 
summer, the south-polar cap did not. Although the water vapor observations 
are not conclusive proof of an exposed south-polar water-ice cap in 1969, they 
have led us to further investigate the annual and interannual stability of the 
south-pol ar cap. 

We have constructed a simple energy-balance model of the two polar caps, 
incorporating solar insolation, thermal emission from the surface and from the 
atmosphere to the surface, conduction of heat into the subsurface, the 
condensation and sublimation of carbon-dioxide frost at the surface, and an 
accurate orbit around the sun. The model was intentionally kept simple in 
order to isolate the suspected role of subsurface energy conduction. 
Processes not incorporated include a season-dependent frost albedo, 
atmospheric dust component, or atmospheric pressure; these are thought to 
produce second-order changes in our results. For the surface thermal-emission 
brightness temperature assumed in the model, a C0,-frost albedo of 0.74 was 
required to allow frost to remain all year on the south cap. Differences 
between this number and the albedo observations compiled by Paige and 
Ingersoll (1) result because our albedo is that of the surface while theirs is 
the planetary albedo including atmospheric effects; a small amount of 
atmospheric dust wi 1 1  bring the numbers into agreement. 

Using this same value for the CO, frost albedo, the solution was also 
stable with the surface in a configuration in which the CO, frost completely 
disappearred by about midsummer, exposing the underlying surface. This 
situation occurred when the subsurface started out warm and the underlying 
surface had an albedo less than that of the CO, frost. In this case, energy 
conducted into the subsurface during summer was conducted out again during 
winter, causing less CO, frost to condense and resulting in its complete 
removal by the following midsummer. Thus, the current state of the polar cap 
depends on its previous state: If it starts out cold, it .will be capable of 
retaining a CO, frost deposit year round. If it starts out warm or if all of 
the CO, frost is removed one year to expose the underlying material, then it 
will be in a stable configuration at the current epoch, with the underlying 
cap being exposed at midsummer. 

The presence of a water-ice cap underlying the carbon-dioxide frost at 
the south pole is guaranteed because the latter will act as a cold trap for 
the former. If water is deposited onto the s ~ u t h  cap at the rate discussed by 
Haberle and Jakosky (2), then there must be several meters of water ice 
beneath a CO, frost layer which almost disappears each year. In this case, 
subtle effects can cause the cap to jump from one stable state to the other. 
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An additional frost heating during spring, due for example to an additional 
atmospheric dust load, will cause the CO, frost to disappear at a time when 
the sunlight is still sufficient to heat up the surface. The energy stored in 
the subsurface as the cap heats up, even if only a few degrees and for a few 
days, will resurface the next year. For an albedo of the underlying material 
lower than that of the CO, frost, this will trigger an unstable jump to the 
alternate stability state, with the cap exposed at midsummer. 

A jump back from uncovered to covered requires an increase in the water- 
ice albedo to a value greater than the C0,-frost albedo. This could result, 
for instance, from the transport one year of an increased amount of water ice 
but not of dust to the south-polar region. This water ice could deposit as a 
fine-grained frost with high albedo. Dust transported to the pole in 
subsequent years could then lower the albedo to allow a jump back to the 
uncovered state. 

In summary, the south-polar cap has two equally stable states, one in 
which it is covered by carbon-dioxide frost all year, and one in which the CO, 
frost disappears in midsummer; its current state is determined by its state 
the previous year. Additionally, subtle atmospheric effects involving the 
transport of water vapor and dust to the cap can cause it to jump from one 
stable state to the other. As an aside, the hypothesis presented here is 
mutually exclusive with the idea of the south-polar CO, cap acting to buffer 
the atmospheric pressure. 
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