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Introduction: Since the axis of rotation of the Moon is 

almost perpendicular to the ecliptic plane, the maxi-

mum angular height of the sun above the horizon in the 

polar regions is negligible: 11,36° at latitude φ = ± 80° 

and 1,36° near the poles. It leads to appearence of 

permanently shadowed areas in the lunar polar regions, 

which can accumulate volatile compounds as proposed 

by [1]. The active impact experiment LCROSS con-

firmed this idea; in addition to water vapor several oth-

er volatile species were found in the impact-produced 

cloud over the crater Cabeus [2, 3]. 

Traditionally, the "cold trap" for volatile com-

pounds is defined as region located in permanent shad-

ow. However, despite the lack of direct sunlight, heat-

ing of these areas occurs due to action of the reflected 

solar radiation, infrared radiation from other heated 

areas, and heat flow from the interior of the Moon it-

self. Horizontal heat transfer in the soil can be neglect-

ed because thermal conductivity of the lunar soils is 

low [4]. Some areas, which are not located in perma-

nent shadow, can be illuminated for short period of 

time and can be "cold traps" for volatile species. 

Results: Previously, we examined the surface tempera-

ture of the southern polar region of the Moon and esti-

mate the areas where detected volatile species may be 

stable against the thermal evaporation [5]. In this pa-

per, we performed similar calculations for the both 

polar regions of the Moon. 

To describe the surface of the polar regions of the 

Moon (φ> ± 80°) we used data of LRO LOLA altime-

ter [6]. The studied region was divided into areas with 

step of 0.05° in latitude and 0.5° in longitude. For each 

region height, angle, and orientation, and the height of 

the horizon with the real terrain were determined. We 

calculated the lighting conditions and temperature of 

the polar regions of the Moon and identified areas in 

these regions, where studied compounds can survive 

over the geological period of time. For these calcula-

tions the temperature the flow of direct solar radiation 

on a given surface area, the heat flow from the interior 

of the moon, the flow reflected from the surface of the 

adjacent lit areas, and the flow of infrared radiation 

from the surface of the adjacent lit areas were taken 

into account. 

We investigated thermal stability of species detect-

ed in the LCROSS impact-produced cloud over the 

crater Cabeus: CO, CH4, CO • 5.75H2O, C2H4, CH4 • 

7H2O, H2S, CO2, NH3, SO2, CH3OH, H2O, Hg, S, K, 

Na, Mg, Ca (see Table 1). As in [7], we assumed that 

the species are stable against thermal evaporation, if 

the evaporation rate is smaller than 10-7 cm / year. De-

pendence of pressure of studied species on temperature 

was taken in accordance with [8-10]. 

        Table 1. Areas of thermal stability of volatile spe-

cies at the surface above 80 degrees at the poles of the 

Moon. 

 

Compound North polar 

region, km
2
 

South polar re-

gion, km
2
 

CO 0 0 

CH4 0 0 

CO·5.75H2O 0 0 

C2H4 1200 950 

CH4·7H2O 1800 1300 

H2S 3800 2600 

CO2 5600 4200 

NH3 8100 8100 

SO2 10500 10000 

CH3OH 17000 14000 

H2O 28600 22000 

Hg 62000 38000 

S 128700
 

153000 

K 245000 231000 

Na 289000 278000 

Mg 289000 286000 

Ca 289000 287000 

Despite very low temperatures at the coldest re-

gions at the poles of the Moon (T < 40 K), volatile 

compounds such as CO, CH4, CO • 5.75H2O, C2H4 

cannot exist at the surface even in these areas. We need 

to consider the existence of these compounds under the 

shield layer of the regolith and chemical adsorption of 

these species by dust particles. Both factors may lead 

to significant decreasing of evaporation rate of consid-

ered species. For other substances we estimate areas of 

polar regions where these species can remain stable on 

the surface of the Moon. 
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