Importance of Thermal Models in Understanding Asteroid Evolution
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Virtually all asteroids and the meteorites derived from them have been heated, as manifested in thermal metamorphism, aqueous alteration, melting, and differentiation.  The primary heating mechanism for planets, decay of long-lived radionuclides, was not an effective heat source for asteroids, because the time scale for energy release is long compared to that for conductive heat loss from small bodies. The decay of the short-lived radionuclide 26Al and electromagnetic induction heating of asteroidal bodies in a T-Tauri event are recognized as the two possible heat sources in the early Solar. The case for 26Al seems to have been strengthened in the last decade, while electromagnetic induction thermal models hinge on the choice of reasonable parameters where most parameters are unconstrained. Thermal models are used as plausibility tests for various proposed heat sources, and recently have been used to describe quantitatively the geologic evolution of asteroids, thereby linking their formation to measurable parameters in meteorites.

The thermal evolution of an asteroid can ideally be divided into several stages:  accretion, heating and cooling. Thermal models usually assume accretion to have been instantaneous, i.e. an asteroid with internal temperature equal to the ambient temperature exists at the beginning of the simulation.  Models balance peak temperatures of meteorites by adjusting accretion time to ~2 Ma.  Heating is complete within ~10 Ma of formation of CAIs  (the earliest formed solids in the solar system). On the other hand, duration of cooling ranges from <20 Ma for near-surface layers to >100 Ma at the asteroid center for cooling below 675K.  Asteroid size strongly influences the duration of the heating and cooling events: the smaller the asteroid, the shorter are the respective episodes.

Thermal models use a set of thermophysical parameters and observational constraints from meteorites and asteroids, as well as theoretical studies. The primary goal is to match the peak temperature for metamorphism or melting. For a time-dependent heat source like 26Al with an assumed initial abundance, a match of peak temperature determines accretion time (relative to CAI formation). The body size is either varied or adapted from measurements of a proposed parent asteroid. The thermal calculation yields model data such as the volume proportions of petrologic types or isotopic closure ages and cooling rates at different temperatures. 

Thermal models have been used to study the thermal stratification of the asteroid belt and the thermal evolution of parent bodies for ordinary chondrites, HED achondrites, and carbonaceous chondrites. Thermal calculations have been utilized to constrain diverse processes like accretion, metamorphism, melting, magma ascent, core formation, aqueous alteration, oxygen isotope fractionation, and racemization of amino acids.

