CHRONOLOGY OF ASTEROID ACCRETION AND DIFFERENTIATION
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The study of short-lived, now extinct radionuclides offers constraints on the duration of planetesimal formation and on other processes and events, which took place in the early solar system. The relative chronometers based on the decay of 53Mn to 53Cr (T½ = 3.7 Ma) and of 26Al to 26Mg (T½ = 0.73 Ma) provide an adequate time resolution of at least 1 Ma. A calibration of these relative chronometers with an absolute Pb-Pb chronometer permits converting relative ages into absolute ages. Using reasonable assumptions, an absolute time-scale for events in the early solar system can be constructed. The estimated age of the solar system of ~ 4571 Ma marks the time when the first high temperature condensates (Ca-Al rich meteorite inclusions (CAIs)) were starting to form; this process may have lasted for several 105 years. Small planetesimals, accreting almost contemporaneously, provided a medium for storage of CAIs for later dispersal among larger planetesimals. Within the following ~2 Ma large numbers of planetesimals of several 10s of km in size had formed. Their interior started to heat up and melt through the decay of 26Al. It is envisioned, that chondrule formation may have occurred during this phase. Repeated collisional destruction and re-accretion of these planetesimals was followed by the formation of larger planetary objects of several 100 km in size. In many of these larger planetesimals, there was sufficient residual heat and still extant 26Al for melt to form in their interior. Within about 3 Ma the molten interior started to chemically differentiate to form a stratified mantle and – most likely - a core. By ~4565 Ma ago this process came to a conclusion (at least on Vesta).  

The ages of individual basaltic achondrites from Vesta, believed to be the parent body of howardites, eucrites, and diogenites, indicate that basaltic volcanism occurred within only a few million years. In contrast, the younger Mn-Cr ages of pallasites (~4558 Ma), which probably formed at the boundary between silicate mantle and metal core of large planetesimals, reflect the time when either the interiors of chemically stratified differentiated planetesimals cooled below the isotopic closure temperature or the planetesimals were disrupted to allow rapid cooling of the exposed interior. 

Some of the planetary objects, because of either their small size or a relatively late time of formation, did not accumulate enough energy for melting but experienced different degrees of thermal metamorphism. The parent bodies of the sampled chondrites may be some examples of the latter category. The Mn-Cr isotope system in the primitive H4 chondrite Ste. Marguerite closed ~4565 Ma ago. The EH4-chondrites Indarch and Abee cooled essentially at the same time (4564-4566 Ma ago). However, many other chondrites show metamorphic ages up to more than 10 Ma younger. 

