surface color variations of dark asteroids and other low albedo small bodies due to organic components
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Dark asteroids and other dark small bodies of the solar system - cometary nuclei, KBOs, dark planetary satellites - are known to show a variety of surface colors. While geometric albedos remain low, their visible and near-infrared spectral slopes may range from neutral (gray) to positive (red). One possible reason for the reddish colors of dark distant objects may be formation of certain organic products on their surfaces due to solar wind irradiation of the ice components. Here we discuss a different possibility. Based on the literature and our own laboratory spectral studies of dark hydrocarbon solids of variable composition and origin, we suggest that colors of the reddest and least-evolved dark objects result from the presence of intrinsic complex refractory hydrocarbon components. Aromatic and aliphatic hydrocarbons are found in carbonaceous meteorites, IDPs, and cometary dust, they are widespread in interstellar medium. Therefore, it is reasonable to suggest that such organics may be significant components of many dark distant objects of the solar system. In order to provide red colors in combination with low albedos, such materials should be structurally disordered, having relatively high H/C ratio and relatively low carbon aromaticity (a fraction of aromatic C with respect to aliphatic C). Thermal evolution of such organics results in carbonization accompanied by a loss of H, structural ordering, increasing aromaticity, growth of large polycyclic aromatic clusters, and decreasing spectral slope without any significant change in the visual albedo. 

A general decrease in spectral slope within a population of distant dark objects with decreasing solar distance is well-documented. Such a color trend may be due the dominance of relatively „fresh“ red organic components on the surfaces of the most distant and least-evolved bodies (comets, KBOs, D-type asteroids) and the increasing contribution of more thermally evolved (carbonized) surface organic components for the objects orbiting closer to the Sun (P-, and, finally, C-type asteroids). However, some dark objects which hardly could be formed at significantly different heliocentric distances still show remarkable color variations. This probably indicates that surface alteration processes such as space weathering (ion-bombardment, UV-irradiation) and impact resurfacing plays an essential role in the color diversity of dark small bodies. Laboratory studies show that such processes modify surface organics in a way similar to thermal evolution, hence gradually transforming colors of „aging“ surfaces from red to gray. Some observational data suggesting negative correlation between the surface redness and the size of dark objects are consistent with this scenario. Indeed, if the colors are due to hydrocarbons, then the larger objects with presumably older surfaces should be less red than fresher surfaces of smaller objects exposed by recent collisions. 

Possible influence of surface roughness and surface temperature on the colors of organic-rich surfaces will also be discussed.







